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ABSTRACT 
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Foreword 




The United States Department of Energy 
(DOE) and the National Aeronautics and 
Space Administration (NASA) are both 
committed to achieving the National Education 
Goal for U.S. students to be first in the world in 
science and mathematics achievement. In 
recent years, numerous publications and reports 
indicate that our nation is falling behind others in 
science and technology and will be at an increas- 
ing disadvantage in the international economic 
competition in high-technology goods and ser- 
vices. This is especially true as we review 
the statistics related to the training of new scien- 
tists and engineers, particularly minorities and 
women. 

The National Technical Association (NTA), a 
nonprofit organization of professional scientists 
and engineers founded in 1926, DOE and NASA 
have produced Careers in Science and 
Technology. The purpose of this book is to serve 
as a reference for today's youth as they make 
decisions on their career goals and college edu- 
cations. Some students seem to lack the confi- 
dence that they can actually become a scientist 



or engineer. This book's contents include 
descriptions of the various scientific and engi- 
neering fields and associated requirements, bio- 
graphical examples of successful scientists and 
engineers, and guidance in college curriculum 
and career selection and in proper study regi- 
men... all helping to define a clear path for 
obtaining a career in science, engineering, or 
technology. The book was written by practicing 
scientists and engineers who give their own 
first-hand experiences and are dedicated to help- 
ing and inspiring students to pursue the excite- 
ment and challenge of scientific careers. 

DOE, NASA, and NTA offer many national, 
regional, and local education programs for 
teachers and students. This book lists the con- 
tacts for pursuing these education opportunities. 




The objective of this book is to expose 
junior and senior high school students to 
the science and technology fields. It a'so 
will convey the importance of getting a general 
education in science and mathematics while still 
in high school and of continuing such studies in 
college. This is intended to encourage students, 
particularly underrepresented minorities and 
women, to consider and prepare for careers in 
science and technology. This book attempts to 
point out the increasing importance of such 
knowledge in daily life regardless of occupational 
choice. 

This book is intended to be used by junior and 
senior high school students, as a classroom ref- 
erence by teachers, and by scientists and engi- 
neers participating in outreach activities. 

The present is a time of very rapid change, 
both in the occupational arena and in daily life. 
Perhaps the technology area with the most 
widespread impact is computers. Predictions 
of today, made 25 to 50 years ago, demonstrate 
that this is the major area of development that 
was not foreseen. 

As recently as the advent of the space age in 
1957, the United States was the undisputed 
world leader in science and technology. 
Competition with the Soviet Union was a major 
driver of science and technology in the United 
States from the late 1950s through the 1980s. 
Today, the Soviet Union no longer exists, and we 
face increasing competition from Japan and 
other nations in the Pacific Rim and Western 
Europe. 

At the same time, a smaller percentage of stu- 
dents in the United States are choosing careers 
in science and technology, and the quality of sci- 
ence and mathematics education in public 
schools has declined. An additional concern is 
that minorities and women are not well repre- 
sented in the scientific and engineering profes- 
sions. This disparity is obvious at the college 
undergraduate level and even more so at the 
doctorate level. A major factor is that these 
groups have less exposure and encouragement 
in elementary and high schools. 

One of the main objectives of the National 
Technical Association (NTA) is to encourage stu- 
dents to consider careers in science and technol- 



ogy. Career awareness programs (CAPs) are 
important aspects of the activities of NTA and its 
local chapters. This book, describing science and 
technology career opportunities and educational 
requirements, will aid and complement the CAP 
activities. 

There are many career brochures published 
by the various specialist scientific and technical 
societies. However, no general career book 
exists that describes a wide range of science and 
technology fields, with accompanying career 
options and academic requirements. Since NTA 
covers a wide range of scientific and technical 
specialties, and is particularly committed to 
exposing students to these areas, NTA was the 
appropriate organization to carry out this task. 

In writing this book, source materials (listed 
in the Appendix) published by the National 
Aeronautics and Space Administration (NASA), 
the American Association for the Advancement 
of Science (AAAS), the National Science 
Foundation (NSF), and other organizations were 
used. Contributions of photographs and other 
materials were made by the NASA Headquarters 
Education Division, Office of Equal Opportunity 
Programs, and Office of Public Affairs; Goddard 
Space Flight Center, Lewis Research Center, 
Langley Research Center, Marshall Space Flight 
Center, the Ames Research Center, and the Naval 
Research Laboratory; also by Howard University, 
Black Collegiate Services, Inc. (publishers of the 
Journal of the National Technical Association and 
The Black Collegian), Jackson and Tull Chartered 
Engineers, and several others. 

Listed in the Appendix are other publications 
containing biographies and other materials sup- 
plementary to those presented here, as well as 
videotapes useful and relevant to teachers and in 
community outreach activities. 
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The objective of this bcok is to expose you 
to the fields of science and technology, 
both as areas in which you should have 
some knowledge (regardless of your occupation- 
al goals), and to encourage you to consider 
these areas as career opportunities. 

The fields of science and technology are not 
sharply defined; they encompass a very wide, 
overlapping range of fields including mathemat- 
ics, science, engineering, and other technical 
disciplines. Mathematics is both a tool used in 
th3 remaining areas and a field of research in its 
own right (like science). Science is defined as 
the search for new knowledge; for example, 
b?sic research into the laws of nature. Engineer- 
ing is applying existing scientific knowledge to 
solve practical problems such as designing a 
new aircraft or a nuclear reactor. Technology is 
defined as the process of producing goods and 
services; for example, using a computer to ana- 
lyze the company budget. 

A nuclear physics laboratory provides a 
demonstration of how scientists, engineers, and 
technicians would be involved in a project. The 
scientists decide that to study the structure of an 
atomic nucleus, they need an accelerator that 
produces a high-energy beam of protons (ele- 
mentary particles that are part of the nucleus of 
an atom) which they will use to bombard sam- 
ples of various materials. Based on their knowl- 
edge of physics, they determine what energy the 
protons must have, and how many particles per 
second are needed (beam intensity). They may 
also develop a concept of what the accelerator 
would look like. Engineers further develop these 
concepts, based on their knowledge of basic 
physics and its applications to electrical and 
mechanical engineering, and create a detailed 
design of the accelerator. This design is given to 
technicians who construct and test the accelera- 
tor. After the accelerator is in full operation, 
other technicians operate it for the scientists. 

Of course, there is a good deal of overlap 
among science, engineering, and technology. For 
example, scientists often design new instru- 
ments to use in their research. Engineers some- 
times do research into the properties of 



materials to find better ones to be used in hard- 
ware that they design. It is also difficult to draw 
a sharp line between the jobs of an engineer and 
a technician. The newly emerging area of com- 
puter science is actually a combination of mathe- 
matics, electrical engineering, and other 
specialties. In this book the terms science and 
technology or technical field are used to mean 
any or all of the fields or occupational areas 
described above. 

The benefits of science and technology to 
humanity are many and obvious. We fly from 
coast to coast in five hours; it used to take a 
week by train. Many improvements in medical 
care have resulted from basic research and tech- 
nological advances in biomedical and biochemi- 
cal fields. Computerized word processing has 
greatly increased the efficiency of preparing 
typewritten documents. And what would it be 
like today without copying machines? Automatic 
tellers allow us to withdraw money 24 hours a 
day, seven days a week — not just during 
"bankers' hours." Microwave ovens cook our 
food in a fraction of the time of conventional 
ovens. Video-cassette recorders allow us to tape 
television programs, and to see first-run movies 
at home. Compact video cameras have made 
home film movie cameras and projectors old- 
fashioned. Telefax machines, electronic mail, and 
cellular telephones have greatly expedited com- 
munications. 

In basic science, there has been a virtual 
explosion of new knowledge in the last few 
decades, and in some fields, surpassing the total 
of all the previously gained knowledge since the 
dawn of humanity. For example, spacecraft sent 
to the outer planets have returned detailed 
images and other measurements of the planets 
and their satellites, which are not only invisible 
from Earth to the unaided eye, but were not even 
discovered with large ground-based telescopes 
until the 1 9th or early 20th century. 



People who pursue careers in science and 
technology derive much excitement and satisfac- 
tion from contributing to the practical benefits of 
science and technology, and also to the acquisi- 
tion of new knowledge that is the foundation of 
future technological innovation. Everyone who is 
interested in careers in these fields should have 
the opportunity and the encouragement to pur- 
sue that interest. 

Most areas of science and technology require 
a basic, broad knowledge of science and mathe- 
matics. As mentioned, mathematics is a funda- 
mental tool of nearly all scientific and technical 
fields. A knowledge of mathematics and the 
three basic sciences — biology, chemistry, and 
physics — is essentia! regardless of the field of 
specialization you choose. 

Unlike many other career areas, science and 
technology require a proper education beginning 
in high school (or even in elementary school). If 
you wait until you enter college tc decide to 
study science or engineering and have not 
taken the prerequisite science and mathematics 
courses in high school it will be more difficult 
and take longer to complete your degree require- 
ments. Therefore, it is important to be aware of 
the basic requirements in science and mathe- 
matics and to take the necessary course work at 
your earliest opportunity. 



Because of our increasing dependence on 
technology, even people who do not choose 
careers in technical fields must have some 
knowledge of these basic four For example, 
computers are now used in the business, legal, 
and financial fields, not just in technical ones. 
Secretaries use word processors, and musicians 
use computer-based synthesizers. A taxicab driv- 
er should have a knowledge of the basic princi- 
ples by which his or her vehicle operates to 
optimize his/her fuel economy and minimize 
repair bills. Even the homeowner has an increas- 
ing need for some technical knowledge to main- 
tain the home and operate the newer household 
appliances. 

Looking to the future, it is clear that we will 
become more and more dependent on technolo- 
gy and that we will need to maintain the basic 
scientific research that is its foundation. To meet 
this demand, we must have well-trained scien- 
tists and engineers. The following chapters of 
this book describe in more detail what scientists 
and engineers do, the educational requirements 
for technical careers, and post-college occupa- 
tional opportunities. 
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Astronaut Edward H. White II floats into space, secured to the Gemini 4 spacecraft by a 25- ft. tether line White became the first 
American astronaut to exit from his spacecraft while in orbi! 
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(erhaps the best way to understand the 
technical fields of study and the technical 
occupations is to have a brief overview of 
these fields and the types of work available in 
them. In particular, it is helpful to have detailed 
examples of the work done by people in specific 
fields. Accurate descriptions and persuasive dis- 
cussions of particular occupations can best be 
given by people who have academic training for, 
and who have worked in, those particular occu- 
pations. You should realize, however, that it is 
increasingly true that the borders between vari- 
ous fields (e.g., between physics and chemistry, 
or between electrical engineering and mechani- 
cal engineering) are not sharply defined. In fact, 
many professional scientists and engineers work 
to some extent in more than one of the special- 
ties. Many new technical fields, such as comput- 
er science and environmental science, are 
combinations of two or more of the traditional 
ones. 



For several of the fields described, more 
detailed examples of specific types of work are 
included. These are intended to give a feel for 
what people in these fields actually do. This book 
attempts to provide descriptions of all the major 
scientific and engineering fields. Career 
Opportunities in the Sciences (see Appendix), is 
a listing of career brochures and other informa- 
tion on specific occupational fields. 



Steven Walker prepares a 
microgravity Algal Bioassay 
experiment for flight in the 
Getaway Special Program. 
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Mathematics 

by Valerie L Thomas 

Mathematics is the study of quantities and relations 
through the use of numbers and symbols. The main fields 
of study at the high school and college levels are arithmetic, 
algebra, geometry, trigonometry, pre-calculus, and calculus. 
Each field builds upon the one preceding it. Other subject 
areas include statistics, differential equations, and set theory, 
or abstract algebra. Mathematics is an important field in 
itself, but is also a very important tool in virtually all other 
scientific and technical occupations. 

Arithmetic deals with quantities and relationships expressed 
by numbers, such as 2 + 3 = 5. Algebra deals with quantities 
and relationships expressed by symbols, such as z = x + 3y. 



Geometry involves quantities associated with figures in 
space, such as triangles, rectangles, cubes, circles, and 
spheres. These quantities include length, area, volume, and 
the relationships between figures in space, such as the area 
of a sphere of radius R is 47cR 2 and its volume is 4/3 nR 3 
Trigonometry is concerned with the measurement of angles 
and the relationships of angles; for example, if we know the 
lengths of two sides of a right triangle we can find the 
remaining side and the included angles, Pre-calculus 
applies algebra and trigonometry to geometric studies. 
Calculus works with pairs of associated quantities and the 
way one quantity changes in relation to the other. It con- 
sists of two main subfields. differential calculus and integral 
calculus. For example, in differential calculus, the rate of 
change of position with time (or differential of position with 
respect to time) is velocity, and the rate of change of veioci- 



Fields of Mathematics Illustrated 

Algebra 

John went to the school bookstore and bought six 
notebooks and three ballpoint pens for $15. Mary went 
to the same store and paid $14 for four notebooks and 
four ballpoint pens. What were the prices of each of 
the notebooks and the ballpoint pens? 



Let x > price of a notebook and y = price of a ballpoint 
pen. 

John: 6x + 3y = 15 (Equation 1) 
Mary: 4x + 4y = 14 (Equation 2) 

Solve Equation 2 for x in terms of y, 
4x = 14-4y 
x = 14/4-y 

[ Substitute into Equation 1 , and solve for y. 

6[14/4-y] + 3y = 21-6y + 3y=21 -3y = 15 
3y = 21-15 = 6 
Therefore, y = 2. The price of a ballpoint pen is $2. 

Substitute y = 2 Into Equation 2 and solve for x. 

4x + 4(2) = 4x+8 = 14 

4x=14-8«6 
Therefore, x = 6/4 = 1 .5. The price of a notebook Is 
$1.50. 



Geometry 

Earth is a sphere with a radius of 6378 kilometers. What Is 
its circumference, in kilometers, its surface area In square 
kilometers, and its volume in cubic kilometers? 



k is a constant that is equal to 3.141592 
Circumference of a sphere = 2rcR = 2 x 3,14159 x 6378 km = 
40,074 km. 

Area of a sphere = 4kR 2 = 4 x 3,14159 x (6378) 2 

= 511,185,501 km 2 

= 5.11 x10 8 km 2 
Volume of a sphere = 4/3nR 3 = 4/3 x 3.14159 x (6378 km) 3 
= 1.087 x10 12 km 3 



Trigonometry 



A civil engineer is planning a road that is to go up the side of 
a mountain. He knows that the height of the mountain Is 
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ty or differential of velocity, with time is acceleration. 
Integral calculus reverses the process: the integral of accel- 
eration with time is the change of velocity, and the integral 
of velocity with time is the change of position. Probability 
.mo statistics is the study of the likelihood of events and is 
often based on large bodies of numbers. It is used for 
things such as scientific predictions and computing insur- 
ance company rates. For example, if you have a bag con- 
taining 10 red marbles and 90 yellow marbles, you can 
compute the probability of reaching into the bag blindfolded 
and picking out a red marble. A field of mathematics known 
as Boolean algebra is the basis of digital computer logic. 
Some newly emerging fields of mathematics include the 
studies of fractals and chaos. 

As mentioned, mathematics is an essential tool in all fields 
of science and engineering. College curricula leading to the 



Bachelor of Science degree in 
most engineering and science 
fields require mathematics at 
least through calculus and dif- 
ferential equations — not only 
for graduation, but as prereq- 
uisites for the more advanced 
undergraduate courses in the 
specialty. For example, 
college-level introductory 
physics courses for scientists 
and engineers (usually taken 

in the freshman and sophomore years) require a knowledge 
of calculus. 

In the following section, mathematics will be dealt with as 
an occupational specialty rather than as a tool used in other 
scientific and technical fields. 




James L. Hams is a 
mathematician at NASA 
Headquarters. 



5,000 feet above the surrounding flat land. When he 
reaches the foot of the mountain, he observes that the 
peak of the mountain is 30 degrees above horizontal. 
How long must the road be from where he stands to 
the peak of the mountain? 

The length of the road, r, can be approximated by the 
hypotenuse of a right triangle. Using the formula 
sin a =■ £ where a = 30° and y = 5000 ft. 

we find that r = y/sin 30° = y/0.5 * 2y = 1 0,000 ft. 

Calculus 

A steel ball is dropped from a high bridge into a river. 
The ball takes three seconds to hit the water. If we can 
neglect air drag, how high is the bridge? 

The acceleration of gravity is 9.8 meters/second 2 . The 
velocity at any point in time v = at, if a is constant. 
Likewise, if v is constant, the distance traveled s = vt. 
However, in this case, v is not constant and so we 
must use integral calculus to find s as a function of t. If 
the acceleration a is constant, 

s « J^vdt = J^atdt = aj ^tdt = at 2 /2 
If t = 3 seconds and a = 9.8 m/sec 2 , then 

s = 9.8m/sec 2 (3 sec) 2 
2 

s = 44.1 meters = 144.7 feet. 



Types of Work 

According to the United States Department of Labor, 
approximately 22.000 peop.e worked as mathematicians 
and 1 5.000 as statisticians in 1 990. About 73 percent of the 
mathematicians worked for the government or industry. 
The major private industry employers were aerospace, 
communications, machinery, and electrical equipment 
industries. In the federal government, the maior employers 
of mathematicians were the Department of Defense and 
NASA. The statisticians worked in manufacturing (15%); 
federal government (27%); research and testing services 
(38%); and financial, insurance, and real estate (20%); 

Mathematicians are involved in a variety of activities that 
range from the creation of new mathematical theories to the 
translation of scientific and management pro^ems into 
mathematical terms. Mathematical work falls into two broad 
classes: theoretical (pure) mathematics and applied mathe- 
matics. Theoretical mathematicians advance the science by 
developing new principles and new relationships between 
existing mathematical principles. Even though this type of 
work is done without specific applications in mind, it has 
been very instrumental in producing scientific and engineer- 
ing achievements. 

Applied mathematicians use mathematics to develop theo- 
ries, techniques, and approaches to solve practical prob- 
lems. Their work ranges from analysis of the mathematical 
aspects of launching Earth satellites to studies of the effects 
of new drugs on disease. 




An entry-level statistician, right out of college, will generally 
work as a junior member of a statistical team and will spend 
most of the time doing fairly repetitive tasks such as orga- 
nizing and categorizing data. With more experience and 
additional training, a statistician may become a leader of a 
statistical team and work more closely with company man- 
agers and government officials who have posed the prob- 
lems or raised the questions to be studied by the team. At 
this level, the statistician will be involved in designing 
experiments and tests, analyzing and interpreting data, and 
making predictions and forecasts. Statisticians working in 
colleges and universities are usually involved in teaching or 
research. Statisticians with Ph.D. degrees often work as 
consultants to businesses and industry, or government 
agencies. Many go on to form their own consulting firms. 

The statistician uses large collections of numbers to devel- 
op accurate descriptions of the characteristics of our world 
ana its inhabitants, whether human, animal, plant, or miner- 
al. Statistics helps all types of scientists and people at vari- 
ous levels of business and industry organize the facts that 
pertain to their work and detect the principles and trends 
behind the facts. Familiar examples include weather fore- 
casting and setting insurance premium rates. 

Statisticians in industry may be involved in the evaluation of 
products and manufacturing processes. By taking samples, 
statisticians can measure the reliability of a product or the 
efficiency of a particular process. The work of statisticians 
employed by the federal, state, and local governments 
tends to focus more on data about people and people- 
oriented issues (for example. Environmental Protection 
Agency regulation development) than on products or manu- 
facturing processes. 

Statisticians who design experiments (to be run in a labora- 
tory or on a computer) often develop mathematical models 
and prepare written reports of the findings of studies. 
Mathematical statisticians use their knowledge of mathe- 
matical theory to design and improve statistical methods 
and techniques. 



Educational Requirements 

The minimum requirement for an entry-level mathematician 
in business, industry, or research is a B.S. degree with 
course work in calculus, differential equations, probability 
and statistics, and mathematical analysis. Additional course 
work in computer science (depending on the field in which 
you prefer to work) will be useful. Employers are beginning 
to prefer to hire mathematicians with experience and 
advanced degrees, which are usually required for a promo- 
tion. For those interested in a career as a mathematician in 
a college or university, graduate work is required, and the 
Ph.D, degree is almost essential. 

In addition to college course work, you should consider 
work/study programs offered by business, industry, and 
government. These will provide valuable experience and 
insight, helping you understand the application of mathe- 
matics in the work place and giving you an appreciation for 
the types of courses that you should take. 

High school students can prepare for a career as a mathe- 
matician by taking all of the mathematics, science, and 
computer courses offered in their curriculum. 

For an entry-level statistician, the minimum educational 
requirement is a B.S. degree in statistics or mathematics. 
Employers frequently prefer a B.S. degree in a major field 
such as a natural science, social science, engineering, or 
economics with a minor in statistics. A statistician with an 
M.S. degree will advance more quickly into the financially j 
rewarding managerial positions. For teaching and research 
positions at the college or university level, a Ph.D. degree is j 
required. 

Required courses for a career in statistics include mathe- 
matics (up to and including differential and integral calcu- 
lus), statistical methods, and the theory of probability. 
Courses in computer science are strongly recommended. 
An ideal course of study might be a major area of concen- 
tration in statistics with a minor in computer science, 
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Biology 

::*JotwH Thompson and Dr Ksmieenj. Prestwioge 

Biology is the science of living things. It is concerned with 
their function, structure, origin, and evolution overtime. Its 
two major divisions are botany, the study of plants, and 
zoology, the study of animals. However, the very simplest 
living organisms consist of single cells, and it often is diffi- 
cult to distinguish between plants and animals at this level. 
Hence, the study of unicellular organisms is referred to as 
microbiology. 

Humans have always been curious about the functions and 
structures of living things, and theories have been expound- 
ed as far back as the ancient Greeks. Major advances began 
during the Renaissance period, including Leeuwenhoek's 
*7th-centurv discovery of bacteria using a self-built micro- 
scope ana Darwin's mid-l9th-century exposition of the the- 
ory of evolution. The figure on page 12 is a representation 
of our current understanding of biological evolution, from 
the origin of life on Earth up to the modern plants and ani- 
mals. 

Each of the three major divisions of biology contains 
numerous specializations based on the particular types of 
organisms studied. For example, under zoology we have 
entomology, the study of insects, and herpetology, the 
study of reptiles. Under microbiology, we have bacteriology 
and virology as specializations. Among other subdivisions 
of the field of biology are taxonomy, the classification and 



naming of living things; anatomy the study of the structure of 
living things; physiology, the study of the normal functions of 
living things: pathology the study of diseases in living things; 
and genetics, the study of heredity. 

Biology has maior practical applications and is the basis for a 
number of other scientific and technical specialties. Foremost of 
these is medicine, which is of great importance to our well being. 
The field of medicine is extremely large and includes many relat- 
ed occupations such as dentistry and psychiatry. Practice in 
these fields requires an M.O. or similar degree, plus a period of 
internship at a hospital or university. Other related health profes- 
sions include nutrition, pharmacology, and toxicology. Biology is 
also the basis of agriculture, the raising of food animals and the 
preservation and preparation of food. 

Biology interacts with ether scientific and technical fields, result- 
ing in such branches as biochemistry (the chemistry of living 
organisms), biophysics, and bioengmeenng. The field of ecology 
is concerned with the relationships of living organisms to each 
other and to their environment. Biology is the basis of a field of 
geology concerned with the study of fossils, and of the history 
and evolution of life on Earth, known as paleontology Biology is 
also involved in several other Earth science and social science 
fields, such as oceanography and archaeology. The field of exo- 
biology is a recent branch of astronomy concerned with the 
search for life elsewhere than on Earth, One of the still unsolved 
problems of biology is concerned with the origin of life on Earth. 
This area of research involves biochemistry and paleontology, 
among other specializations, and has bearing on other areas 
including exobiology, genetics and evolution, and ecology. 
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Life on Earth is believed to 
h3ve originated more than 3.5 
billion years ago. The earliest 
organisms were unicellular 
organisms without nuclei 
(orocaryotes). of which bacte- 
ria and blue-green algae are 
currently living representa- 
tives. These evolved to the 
more complex eucaryotes. 
single-celled organisms with 
distinct nuclei, of which green 
algae, fungi, and protozoa are 
representatives. Further evo- 
lution gave rise to multicellu- 
lar organisms in two major 
groups (kingdoms), plants 
and animals Many of the 
species that evolved later 
became extinct: for example, 
the dinosaurs. 
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Types of Work 

Biologists work on land and at sea. Some work mainly in 
laboratories and in directing technicians, technologists, and 
research staff members, while others spend more time in 
the field, observing, taking data, and interpreting their 
observations. Biologists often work closely with chemists, 
physicists, and geologists: however, they bring essentially 
different perspectives to their work, and research objectives 
can differ considerably. By choice, theoretical biologists 
assimilate biological and interdisciplinary findings which 
requires library research and produces comprehensive 
overviews of many areas of study. Some of these studies, 
genetics for example, require a firm foundation in mathe- 
matics and statistics. 

Many biologists acquire their own research grants or are 
employed by people with grants. They may also work for a 
government agency, private industry, or a nonprofit organi- 
zation and become professors or teachers. Today, scientists 
work individually, in teams, or in teams belonging to larger 
divisions. A few work in isolation in the field. However. 



there is now more of a trend toward team projects versus 
the individual research that was more common in the past. 
There is a p ofessronal association for every large division 
of biological science and the health professions. Many 
accept members at the bachelor's degree level. 

Although many of these fields may seem familiar, thpy are 
rapidly changing due to recent advances in research -d 
applications. Therefore, job descriptions and responsibili- 
ties change quickly as well. Reading articles by scientists in 
current magazines and journals will help you keep up with 
their char.ging job descriptions and recent developments in 
the fields. The following gives more detailed descriptions of 
a few of the biological science and health fieids. 

Entomologists work in research institutions and industry. 
They breed insects for research and biological control: 
study methods of storing food and other products so they 
will be safe from insect damage; work in medical and veteri- 
nary medicine, agricultural organizations, and pharmaceuti- 
cal houses: and serve as consultants to farmers and 
international organizations. 



Dr. Patricia Cowings is a 
research physiologist at 
NASA 's Ames Research 
Center Among her activities 
has been research on the 
'space sickness " suffered by 
astronauts during their space 
(lights. (NASA photograph) 
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Irene D. Long. MD. does 
research in Hie sciences si 
NASA s Kennedy Space 
Center She studies tne effects 
of wghtlessness on space 
travelers, including problems 
such as calcium loss and 
changes in red cell volume. 
(NASA photograph) 




Archaeology is the study of material remains of past human 
life. In generai, archaeologists are interested in the relation- 
ship between artifacts — the objects humans made or 
make — and their implications regarding human behavior 
and evolution. Besides being engaged in research projects, 
archaeologists increasingly are employed by government 
agencies to assist in managing resources under their juris- 
diction. Some archaeologists use computer analysis or 
apply system theories in the solution of archaeological 
problems. 

Toxicology is the study ot chemicals and drugs that can 
have an adverse impact on our environment and ourselves. 
Toxicologists determine how harmful the effects of the 
chemicals are and what kinds of diseases can result. 
Environmental toxicologists evaluate the risk of getting a 
disease or illness from exposure to chemicals. Forensic 
toxicology studies unknown circumstances that result in 
the death of individuals or groups: these scientists are 
involved with poisonings. There are clinical toxicologists as 
well, who monitor and determine the safe and 
effective dosage of drugs for many different types of 
patients. Industrial toxicologists are concerned with those 
chemicals sold on the market and the levels of them that 
would or might be harmful to humans, animals, and or 
plants. 
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Pharmacology is the general subject area dealing with 
medicines and drugs, and their beneficial and harmful 
effects. It is of wider scope than pharmacy, which is only 
concerned with the preparation and disoensing of drugs. 

Pharmacology is also closely related to toxicology. Forty 
years ago. pharmacology was almost limited to antibiotics. 
Mow. national interest focuses on the conquest and the pre- 
vention of many diseases with drug therapy: on the cost 
safety and effectiveness of new and old drugs; and on the 
unresolved problems of drug and alcohol abuse. In addi- 
tion, pharmacologists are concerned with pesticides, herbi- 
cides, and the toxicity and safety of industrial chemicals. 
Recently, pharmacologists have been concerned with the 
production of medicines in space (to make use ot the 
microgravity environment) as well as the effscts of drugs 
cn people in space. Pharmacologists are needed in the field 
of toxicology. Other specialties include clinical, molecular, 
and biochemical pharmacology and chemotherapy. 

Pharmacologists require M.S. or Ph.D. degrees and work in 
research, teaching, and health physics. Pharmacology 
course work is offered by schools of medicine and some 
schools of pharmacy. Pharmacists, such as those who 
work in drug stores, can find employment with only 8.S. 
degrees. However, pharmacists also work in hospital or 
doctors' office settings in activities requiring more 
advanced degrees. 

For additional information relative to other areas of Biology, 
consult your local library. 

Educational Requirements 

As is true for other fields of science and technology, prepa- 
ration for a career in biology or one of the health fields 
requires a firm foundation in mathematics and all three 
basic sciences (biology, chemistry, and physics) at the high 
school and beginning college levels. Most biological occu- 
pations require at least four years of college, although posi- 
tions as a technic ! an or laboratory assistant may require 
only two years of college. Research and university teaching 
positions, and most medical professional occupations, 
require doctoral degrees. 



Chemistry 

Or Thomas N Corntsn and Dr Brenda S. Holmes 

Chemistry is the science about substances — their compo 
sition. structure, properties, and interactions. It deals with 
the reactions of atoms with each other to form molecules, 
which are groups of atoms bound together; it also deals 
with reactions of molecules with each other. Chemistry is 



the study of the transformation of one type of material into 
another: for example, the combination of hydrogen and 
oxygen to form water, or the production of iron by decom- 
position of iron oxide. Chemistry is a body of knowledge 
that helps explain the physical world and its working. It is 
also practical. We apply chemical knowledge to make every- 
day products such as plastics, to cure diseases, and to pre- 
pare and preserve our food. 
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The periodic table of the elements is of fundamental importance to both chemists and physicists. It arranges the known chemical elements 
according to increasing atomic number, that is. the number of protons in the nucleus (equal to the number of electrons surrounding the nucle- 
us) of each atom (indicated above the symbol in each box). The atomic weight, below the symbol in each box. is approximately equal to the 
number of protons and neutrons in the nucleus of each atom. Chemists have found that elements in groups making up the vertical columns of 
the periodic table nave chemical properties that are similar lo eacn otner. 
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Chemistry plays such an important role in our lives that 
everyone should have some knowledge of it. The field of 
chemistry also offers many opportunities for a challenging 
and lucrative occupation. It offers a variety of employment 
possibilities such as in industries producing textiles, rub- 
ber, glass, polymers, pharmaceuticals, electronics, paper, 
packing, machinery, fuels, and food. 

The study of chemistry has made many important contribu- 
tions to modern life. To highlight how fascinating a career 
in chemistry can be, a few areas of this field are mentioned. 
In recent years, chemistry has given us new materials to 
make clothes easier to care for (polyester fabric) and to 
make automobiles lighter and thus more economical (ther- 
moplastics). In health, chemistry has attacked the problem 
of fighting disease and keeping people healthy in many 
ways. By studying the chemical processes that take place in 



the normal and diseased bodies, it has been possible to 
iearn much about these processes and to devise ways of 
controlling them. Chemistry has been particularly helpful in 
discovering how the human body uses food and what foods 
are necessary for health. The whole problem of treating dis- 
ease by means of drugs is called chemotherapy. It has pro- 
duced important medicines such as the sulfa drugs and 
has helped also in the purification of penicillin and the third- 
and fourth-generation antibiotics. 

Chemistry has increased the sources from which a person 
can obtain energy. High-powered gasoline is obtained from 
crude oil (or, more recently, even from coal or oil shale) by 
chemical processes. Automobile storage batteries resulted 
from research in electrochemistry; a current field of devel- 
opment is advanced storage batteries and fuel cells for elec- 
trically powered automobiles and for aerospace 



The chemical symbols for compounds can be shown in different ways to illustrate their 
contents of various types of atoms and also to illustrate the structures of the molecules. 
Examples are shown below: 

Name of Compound Formula Structural Formula * 

H 

Methane CH 4 H-C-H 

H 

Acetylene c 2 H 2 H-C=C-H 

H H H H 

Butane c 4 H 10 H-C-C-C-C-H 

I I I I 

H H H H 

H H H 
I I I 

Isobutane c 4 H 10 H-C-C-C-H 

I | I 
H I H 
H-C-H 
I 

H 

Note that butane and isobutane have the same chemical formula, but different 
molecular structures. 

H 
I 

Benzene c 6 H 6 i ii 

H-C^C-h 
I 

H 



■ = single bond, =double bond, = triple bond 
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applications. The fluorescent light bulb resulted from inves- 
tigations of the various chemical compounds that could 
successfully be used to produce light at the least cost. 
Chemists are helping to produce energy by developing the 
.llconol obtained from plants into an important source of 
fuel. 

Chemistry includes the live major subtields ot study 
described below: 

Organic chemistry deals with the preparation, reactions, 
and properties of both natural and synthetic carbon com- 
pounds. It is a maior subfield because carbon forms a 
much greater variety of compounds than any other single 
element. Many of these compounds are found in living 
organisms, hence the name organic chemistry, but many 



can also be produced by nonbiological processes. Some of 
the subdivisions of organic chemistry include the study of 
macromolecules (polymers), biochemical processes, and 
molecular biology, since these fields involve carbon com- 
pounds to a great extent. 

Inorganic chemistry deals with the preparation, reactions, 
and properties ot both natural and synthetic compounds of 
all the known elements other than carbon. Inorganic and 
organic chemistry overlap in the area of organometallic 
compounds. 

Physical chemistry deals with the study of matter as it 
relates to the laws of physics. It involves subfields such as 
thermodynamics, kinetics, and quantum mechanics, partic- 
ularly as they relate to chemical reactions and the struc- 



Chemical and Physical Reactions 



The various forms of matter can react with each other or by themselves, with input or output of energy. 
In chemistry, reactions involving molecules and atoms maintain the same numbers of each type of atom, 
before and after the reaction; for example: 



Burning of 
Natural Gas 

Use of Hydrazine 
as a Rocket 
Propellant 

Green Plant 
Photosynthesis 



CH 4 
(methane) 

N 2 H 4 
(hydrazine) 



C0 2 



20 2 
(oxygen) 

N 2 

(nitrogen) 



H 2 0 



C0 2 + 
(carbon dioxide) 

2H 2 + 
(hydrogen) 



2H ?.° 
(water) 

heat 



heat 



energy 



-* CH 2 0 + 0 2 
(CH 2 0 is a basic molecular 
component of carbohydrates 
such as starch and sugar.) 



At the subatomic scale, physicists write similar equations for the reactions between elementary 
particles and atomic nuclei. For example: 

Uranium Fission*: 92 U 235 + n -* 38 Sr 90 + 5 4 Xe 136 + 10n + energy 
(Uranium-235) (neutron) (Strontium-90) (Xenon-136) (neutrons) 

Radioactive Decay: 88 Ra226 * 86 Rp222 + 2 He4 + ener 9Y 
(radium) (radon) (helium nucleus 

= alpha particle) 

# ln g 2 U 235 . the 92 indicates the number of protons (positively charged particles) in the nucleus of the 
atom (the atomic number), whereas the 235 indicates the total number of protons and neutrois 
(uncharged particles) in the nucleus (the atomic weight). 
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Harold G. Eaton, an analytical research chemist at the Naval 
Research Laboratory, is shown adjusting flow rates of various gases 
going into a reacting chamber (not shown) The instrumentation 
snown here is used to study the efficiency of decomposition of 
dimethyl methylphosphonate vapor Irom a helium stream in an 
atmospheric pressure, dlternatmg current caoacitive discharge sys- 
tem The overa 'u imoaci of this stuov was to understand better the 
cnemistry of electric discharges as air purification systems (NRL 
photograph) 



tures of molecules. There is considerable overlap between 
chemistry and physics in this subfield. 

Analytical chemistry deals with determining the 
composition of materials and measuring exact quantities of 
materials as weil as separating materials into their basic 
components. Analytical chemistry involves the use of many 
instruments to measure these quantities precisely. 

Biochemistry deals with the chemistry of living systems, or 
the reactions and processes that occur in the cells of plants 
and animals. Biochemistry overlaps with organic chemistry, 
in th<?« it includes the study of organic compounds and 
macromolecules that occur within our bodies and other liv- 
ing onanisms. 

Types of Work 

Employment opportunities for chemists exist in govern- 
ment, private industry, military, and medical sciences. 
Industry affords an excellent slot fo r new product research, 
such as the plastics, new antibiotics, new paints, and fabric 
modification to increase wear and to deter wrinkling. 
Government chemists are involved in interesting assign- 
ments that include environmental problems (water purifica- 
tion by chemical means, analysis of the atmosphere for 
pollutants, etc.), testing materials for fire resistance poten- 
cy (quality control), and synthesizing and formulating 
hydraulic fluids resistant to sea water. The jobs that 
chemists perform are endless. 

Chemists often work very closely with physicists, chemical 
engineers, biologists, pharmacists, and me'ical personnel. 
One of the most significant projects developed from such 
collaboration is the technique called Medical Imaging 
which is a noninvasive, nondestructive method of detecting 
tumors and malignant cells in human beings, and which 
may eventually replace harmful X-ray techniques. 

Chemistry has a very close relationship to several other 
professions, including chemical engineering, medicine, and 
pharmacy. They are so closely related that the first two 
years of college-level training are nearly identical. It is very 
easy to switch from one to the other before the junior year 
All three fields require a heavy background in chemistry. 




26 



iEST COPY AVAILABLE 



Some students go directly to medical school after they 
receive the B.S. degree in chemistry. Physical chemistry is 
closely related to physics, particularly atomic, molecular, 
and solid-state physics. Chemistry is an important part of 
the Earth and space sciences in the areas of atmospheric 
chemistry, astrochemistry. geochemistry, and environmen- 
tal science. 

Educational Requirements 

You should start preparing for a career in chemistry as 
early as junior high school by purcuing courses in mathe- 
matics, science, and English. A coilege-preparatory sched- 
ule should be followed in high school to prepare for a 
chemistry major in college. College curricula leading io a 
B.S. degree in chemistry will include general liberal arts 
requirements in addition to courses in general, organic, 
physical, and analytical chemistry. Many colleges include 
courses in biochemistry, inorganic chemistry, and polymer 
chemistry in the undergraduate curricula. Those individuals 
who wish to pursue research careers in chemistry will most 
likely attend graduate school for advanced degrees where 
their areas of study will be more concentrated. 

Common subjects elected as minors by chemistry majors 
are mathematics, computer science, physics, biology, and 
chemical engineering. Courses in computers and computer 
programming, probability and statistics, chemical engineer- 
ing, economics, organizational behavior, and management 
may be good electives. 

Chemical engineering majors are required to study mathe- 
matics through differential equations and to have some 
experience with computers. A one-year course in physics 
and at least six semesters of chemistry are required. If pos- 
sible, a few elective courses in science and mathematics are 
recommended. 

Engineering courses will also be required in each semester. 
Typical topics are heat and mass transfer, thermodynamics, 
fluid dynamics, process engineering, and chemical engi- 
neering design. 




Pictured is Or Brenda Swann Holmes, research chemist at the 
Naval Research Laboratory in Washington D.C. She is shown at the 
consoie ot a JEOL FX-60Q nuclear magnetic resonance spectrome- 
ter (magnet in background) where she is preparing to record a 
spectrum on paper which was stored earlier on cassette tape. (NHL 
photograph) 




Physics 

byDr George R Camithers 

Physics may be defined in broad terms as the study of 
nature — all natural phenomena not covered by biology and 
chemistry. More specifically it may be defined as the study 
of matter, energy, and their interactions. This includes the 
studies of: force and motion {mechanics), sound 
{acoustics), heat {thermodynamics), electricity and mag- 
netism, and of light {optics). It also includes the study of 
matter on a submicroscopic scale — atomic physics, nucle- 
ar physics, molecular physics, and solid-state physics. 

There is no sharp dividing line between the fields of 
physics, biology and chemistry, as is shown by the exis- 
tence of such subfields as biophysics and physical chem- 
istry. However, chemistry emphasizes the reactions 
between various atoms and molecules whereas physics 
emphasizes the properties of the atoms and molecules, the 
elementary particles (electrons, protons, and neutrons) that 
make them up. and their interactions with energy. Nuclear 
physics and particle physics deal with the nuclei of atoms 
and their reactions with each other and with elementary 



particles, and in this respect are similar to chemistry but on 
a smaller scale of the structure of matter. 

To make further progress in defining the extremely broad 
field of physics, some of its major subfields must be 
described. These are sometimes grouped into two broad 
categories, classical physics and modern physics. The for- 
mer includes the subfields of mechanics, acoustics, ther- 
modynamics, electromagnetism, and optics; essentially, 
those fields of physics which were reasonably well under- 
stood at the beginning of the 20*h i >ntury. Modern physics 
includes atomic, nuclear, and parties physics; these fields 
were relatively undeveloped before the advent of the theo- 
ries of relativity and quantum mechanics, which also are 
major fields of modern physics and form the basis for the 
other three just mentioned. Classical physics is primarily a 
foundation of knowledge used in engineering and less a 
field of basic research, whereas modern physics is primarily 
an area of basic research and less an area of applications. 
However, this obviously is not a hard and fast rule; there 
are still many basic research activities in classical fields 
such as optics, and nuclear engineering is an example of 
applied modern physics. 



This modified betalm is 
used by the Plasma Physics 
Division of the Naval Research 
Laboratory It can accelerate 
electrons to 50 million elec- 
tron volts 01 energy w//// cur- 
rents as high as several 
thousand amperes Its current 
use is in studying the critical 
physics issues of high current, 
recirculating accelerators, 
including injection and extrac- 
tion It may also provide use- 
ful information in the design 
of compact accelerators for 
military applications in direct- 
ed energy systems (NRL pho- 
tograph) 
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Mechanics deals with the properties of materials and their 
interactions with external forces: for example, it determines 
the trajectory of a moving object in a gravitational field, or 
the force exerted en an airplane wing as it moves through 
the air Acoustics deals with the production and propaga- 
tion of sound waves. Thermodynamics deals with heat, its 
propagation, and its effects on gases and other materials. It 
is the basis for energy production by a gasoline engine, for 
example. Electromagnetism forms the basis of the major 
field of electrical engineering, and deals with the properties 
and interactions of electrically charged particles and of elec- 
tric and magnetic fields. Optics deals with the properties 
and propagation of electromagnetic radiation, which 
includes visible light, and of materia! objects such as lenses, 
mirrors, and photoelectric cells which interact with electro- 
magnetic radiation. 



Modern physics, as mentioned, is based on the subfields of 
relativity and quantum mechanics. These fields, which did 
not exist before the early 20th century, are essential to the 
understanding of matter and energy at the molecular and 
atomic level (and smaller). They also are essential to a 
proper understanding of the generation, propagation, and 
interactions of electromagnetic radiation. Relativity is a 
modification of the laws of classical physics which, for 
example, is important when material objects travel at 
speeds approaching the speed of light. It also states the 
equivalence of matter and energy, through the famous 
equation E=mc^. Quantum mechanics, on the other hand, is 
a modification of classical mechanics, which is important at 
very small size scales, such as those of atoms and 
molecules. The motion of Earth around the Sun can be 
described by classical mechanics, but the interactions of 
electrons and protons in an atom require quantum mechan- 
ics for accurate description. 
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Principles of Physics Illustrated 

The principles of physics enter all aspects of our daily lives. 

A car is at the top of a hill 0.5 kilometer high, with a 15 
degree slope. If the driver decides to go for a joy ride by 
releasing the brakes and coasting downhill, how long will it 
take to reach the bottom, and how fast will he be going 
when he gets to the bottom? 




The acceleration of gravity is 9.8 meters/sec^, but acts only 
downward, not parallel to Earth's surface. Therefore, the 
component of acceleration that is effective is that which is 
parallel to the road: 

parallel = a sin 15°= \9.8) sin 15° = 2.54 m/sec 2 

The velocity v = at and the distance downhill, s = Jvdt = 
at 2 /2. But we know the distance downhill, s. is 0.5 km / 
sin 15° = 0.5/0.259 = 1.932 km = 1932 meters. 

Therefore, t 2 = (2)(1932)/2.54 = 1521 ^ t = 39 seconds 
and nence v = at = (2.54)(39> = 99 m/sec = 221 mpn. 

Of course, air drag and wheel friction will reduce this some- 
what. Note that this velocity is actually independent of the 
slope angle, and is the same as if the car dropped vertically 
0.5 kilometer. 



A farmer is shopping for an electric motor to use for a 
water pump at his well, located 200 feet from his house. 
He has #16 electric wiring between his house and the well. 
The salesman suggests a 1-horsepower motor, with 
options of 115 voit or 230 voit operation. Which is better, 
and why? 

A 1-horsepower motor requires about 1000 watts of electric 
power, regardless of operating voltage. However, current 
and voltage are inversely related by the relation 

Power(Watts) = Current(amperes) x Voltage(volts) = 
Voltage/Resistance(ohms) x Voltage = 
(current) 2 x resistance 

P=IV = V 2 /R = I 2 R 

Therefore, a 1000-watt load requires 8.7 amperes at 115 
volts, or 4.35 amperes at 230 volts. However, power is also 
lost in the resistance of the lines leading to the motor, 400 
feet of #16 copper wire having a typical resistance of 
4 ohms per 1000 feet (total 1.6 ohms). Therefore, the 115- 
volt motor would incur an additional 1 .6 ohms x (8.7 
amperes) 2 = 121 watts loss in the line, whereas the 230- 
volt motor would incur only (1 .6)(4.35) 2 = 30 watts of line 
loss. Note that with the 1 15-volt motor, the actual voltage 
drop in the line is V= IR = 14 volts, leaving only 101 volts 
for the motor (if the current stays at 8.7 amperes) so it will 
not perform as well as required. Alternately, one would have 
to provide an input line voltage at 129 volts to have 115 
volts at the motor. 

This example illustrates why high voltages are used for 
transmitting large amounts of electric power over long 
distances. 
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Mrs. DeloresH Walker, a 
research phys 'at the 
Naval Research ^oratory, is 
mounting a prototype solar 
cell on a water-cooled block 
that will maintain the tempera- 
ture of the solar cell at a fixed 
temperature during measure- 
ments. The solar cefl will be 
illuminated with light compa- 
rable to sunlight and evaluat- 
ed for its resistance to damage 
trom nucleai radiation (NRL 
photograph) 
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Dr William E. Howell is 
shown operating a pair oi 
missile- 1 ike infrared sensors 
to check the emission quality 
of an exotic decoy material 
that produces its own heat on 
contact with air Dr Howell's 
work at the Naval Research 
Laboratory, where he holds 
positions as a research physi- 
cist and section head, 
includes the exploratory 
development of new materials 
and techniques lor improving 
the Fleet's decoy capability 
against heat-seeking and 
radar-guided missiles. As 
team leader on the develop- 
ment of several new decoy 
concepts, his work ranges 
from basic research through 
hardware design and proto- 
typing, to testing at sea in 
scenarios that simulate com- 
bat. (NRL photograph) 
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At the molecular level, there is significant overlap between 
modern physics and chemistry: quantum mechanics is a 
necessary basis for understanding chemical reactions. 
Solid-state physics deals with the properties of multi-atom 
structures (crystals) and the propagation of electric charges 
and electromagnetic radiation in them. 

Other closely related fields of physical science include 
astronomy, geology, and meteorology. These fields are all 
based on physics as a foundation of knowledge, used to 
explore the nature of the objects under study. For example, 
astronomy (particularly those areas known collectively as 
astrophysics) makes use of optics, electromagnetism. and 
modern physics to determine the composition, tempera- 
ture, and pressure of gaseous and solid materials in celes- 
tial objects. Planetary sciences, including geology and 
meteorology, use physical (and chemical) knowledge to 
study the nature of Earth, other planets, and their atmo- 
spheres. 

Some examples of major recent discoveries in physics 
include discovery that the proton and neutron, previously 
thought to be elementary particles, are themselves made up 
of smaller entities (known as quarks); discovery and devel- 
opment of the maser and laser; and advances in the under- 
standing of the properties of ionized gases (plasmas), 
which may lead to controlled thermonuclear (fusion) reac- 
tions and their use as a practical energy source. These also 
are still current areas of basic research in physics. It is 
interesting to note that to explore the structure of matter on 
smaller and smaller scales, higher and higher energies are 
needed in particle accelerators and other equipment used in 
the research. Therefore, larger and more powerful tools are 
needed to study smaller components of matter. 



Educational Requirements and Types of Work 

As mentioned above, physics is the foundation for most of 
the engineering fields. Therefore, a persoi, with a B.S. 
degree in physics can often find employment in engineering 
fields or in related fields of the physical sciences, such as 
the Earth and space sciences. Many colleges offer degrees 
in engineering physics for those planning to apply their 
knowledge of physics to practical problems. However, basic 
research in physics and related fields usually require the 
Ph.D. degree, as does the teaching of physics at the college 
or university level. 

It is extremely important for those interested in careers in 
physics to obtain a firm basis in mathematics and science 
as early as possible. You should take, and do as well as 
possible in, all of the mathematics and science courses 
available in high school. If the available courses do not 
include mathematics through trigonometry and pre-calcu- 
lus. and both chemistry and physics, it may be necessary to 
take remedial courses between high school and college. 

The beginning college curriculum of a physics major 
includes calculus, differential equations, and more 
advanced mathematics courses, as well as college chem- 
istry and college physics. The latter covers all of the major 
fields of physics, as does high school physics, but requires 
and uses calculus. Later physics courses cover individual 
subfields such as mechanics, optics, electricity and mag- 
netism, and quantum mechanics. These usually have more 
advanced mathematics prerequisites. Depending on your 
particular interests, electives can be taken in other fields, 
such as chemistry, electrical engineering, geology, or 
astronomy. 

Physicists are employed in industry, government, and uni- 
versities. At the Ph.D. level, they may do basic research on 
such things as the structure of subatomic particles, super- 
conductivity, and properties of semiconductors. At the M.S. 
and B.S. levels, they may assist Ph.D. researchers, or they 
may be employed in more applied tasks such as the devel- 
opment of particle accelerators, free electron lasers, and 
electronic imaging devices. Because of the breadth of their 
training, physicists have more flexibility in career selection 
and change than those who are trained in more specialized 
science or engineering fields. 



Earth Science 

by Marilyn J. Suiter 

Geoscience, or Earth science, is a collective term for the 
scientific disciplines that involve the study of our planet 
Earth. It focuses on the study of the materials of which 
Earth is made, the processes that act on these materials, 
the products formed, and the history of the planet and its 
life forms since its origin. Energy resources, water availabil- 
ity and quality, and earthquake activity are some of the top- 
ics in geoscience that are familiar to most people. 

Earth science disciplines include geology (the btudy of the 
Earth) as a major field, with various subfields or related 
fields as specialties. These include oceanography, meteor- 
ology and other atmospheric sciences, environmental sci- 
ence, and ecology. Specializations within geology that 
interface with other basic science areas include geophysics 
and geochemistry. Planetologyznti planetary science apply 
geologic principles to other planets in our solar system. 
Engineering geology deals with the practical applications of 
geology, such as to the mining and the petroleum 
industries, 



Many scientists and technicians who have chosen Earth sci- 
ence as a career enjoy it because of the opportunities to 
work outdoors, the challenge of solving problems that are 
multifaceted, and the interaction of many sciences (such as 
chemistry, biology, and physics) in real-life applications. 
The growing interest in energy resources and in the protec- 
tion and restoration of our environment has contributed to 
increased interest in the Earth sciences. 

Careers in the Earth sciences embrace a wide range of 
employment areas. Research, education (both precollege 
and higher education), government agencies, and private 
industry are ail included. Careers sometimes overlap; for 
example, a college professor usually pursues research 
interests in addition to teaching. There is also overlap 
among disciplines; a geologist in the petroleum industry 
may use geology, geophysics, geochemistry, and engineer- 
ing geology. 
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The hydrologic cycle is one of 
several planet-wide cycles 
that affects Earth 's environ- 
ment As shown, water is con- 
tinuously cycled between 
gaseous, liquid, and solid 
forms and has major interac- 
tions with the solid Earth and 
with vegetation. It is important 
foru: Main •? bettei 
undemanding of the details of 
this cycle, and factors affect- 
ing us, to avoid major prob- 
lems such as droughts and 
flooding. (NASA illustration) 
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The carbon cycle is another 
biogeochemical cycle ol great 
practical Importance. II estab- 
lishes the balance of carbon in 
its various forms, including 
fossil fuels at one end. and 
carbon dioxide and carbonates 
at the other. Note that energy 
from the Sun, geological pro- 
cesses, and artificial activities 
have mdjor effects on this 
cycle. (NASA illustration) 



Current and Near-Future Prospects 

Geoscience employment, as mentioned above, can be found 
in a wide variety of businesses and public organizations. 
Ttie petroleum industry is the major employer of geosnien- 
tists (about 50 percent); state and federal government 
agencies are the next largest (about 12 percent), followed 
by education (7 percent). 

Although recent international economic problems have 
caused the United States petroleum industry to suffer 
losses, projections for that industry are encouraging. The 
domestic (United States) oetroleum industry is focusing on 
improving the production from established oil and gas 



fields and doing less exploration (discovery of new fields). 
Foreign efforts in exploration are still active, although at a 
lower level than in the early 1980s. 

The fastest growing geoscience careers are those that 
involve the protection and restoration of the environment: 
areas such as water quality and hazardous waste. Water, 
one of our most valuable resources, poses two major con- 
cerns: availability and quality. Availability of water is a major 
issue for land planners and farmers, it is also important that 
the water is of high quality and be free of contaminants. The 
mapping of water bodies, both or Earth's surface (lakes, 
rivers, oceans) and in the subsurface (ground-water 
aquifers) is a geoscience specialty called hydrology (or 
hydrogeology). 
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' Hazardous waste is a subject of increasing concern for 
most citizens. The release of waste materials, whether solid, 
liquid or gaseous, presents the potential hazard of contami- 
nating the body into which it is deposited: the air, rivers and 
streams, or the soil. Geoscientists work to predict probable 
contamination in subsurface conditions (such as by leakage 
from storage drums containing waste materials) and to cor- 
rect contamination accidents. The employers in these areas 
are most frequently consulting firms: state agencies and 
national laboratories are other potential employers. 

Earth scientists make increasing use of air- and space- 
based vehicles, and advanced undersea submersible vehi- 
cles, to expedite their studies. They may. for example, be 
involved in major space programs such as Landsat and the 
planned Earth Observing System. 



Planetary science is another area of increased interest. The 
exploration of space is a multi-national endeavor and Is pur- 
sued by many commercial/private-sector groups as well. 
Geoscientists contribute during the planning of missions 
and by analyzing the materials collected from extraterrestri- 
al/planetary bodies to determine composition. This can 
have particular significance for economic geologists and the 
mining industry. Other geoscience activities include map- 
ping and interpreting photographs of these extraterrestrial 
bodies. 



An image of (he region neat 
Roanoke, Virginic (blue area, 
just below center), obtained 
with a NASA L andsa! satellite 
This false-color image shows 
the distributions of many fea- 
tures of interest to forth sci- 
entists. These include 
important surface materials as 
revealed by their distinctive 
coloration, such as vegetation 
(shown here pink), geologic 
features such as mountains, 
lakes and river beds, and 
man -made features such as 
roads, buildings, and farm- 
land. (NASA photograph) 
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The teaching of Earth science, particularly at the precollege 
level, is also becoming more popular. This is partly in 
response to increased national interest in a variety of Earth 
science issues, including natural hazards such as earth- 
quakes, volcanic eruptions, flooding, and radon gas emis- 
sions. In addition, sharing your knowledge and enthusiasm 
for science with young people can be a satisfying career 
and one that is of great importance to our nation. 

Salaries in the Earth sciences vary depending on the eco- 
nomic market for a particular field and an individual's quali- 
fications, including academic degree. 

Educational Requirements 

A high school student interested in studying Earth science 
in college needs to have a good background in mathematics 
and science. In addition, it is beneficial to learn communica- 
tion skills, both in writing and in speaking. It is also impor- 
tant to learn computer science, as computers are an 
essential part of most activities in science and technology. 

A college program in geoscience further develops your gen- 
eral knowledge of science and mathematics, but usually 
also includes courses in geology, mineralogy/crystallogra- 
phy, sedimentary geology, petrology, historical geology/ 
paleontology, field geology, and laboratory courses. Some 
institutions offer independent study courses that provide an 
excellent opportunity to develop research skilis and profes- 
sionalism. 

Although the bachelor's degree is sufficient to gain employ- 
ment in some situations, the American Geological 
Institute's employment survey indicates that more than 
60 percent of those hired in 1989 have a master's degree. 
A master's degree program provides a combination of more 
advanced course work and usually independent research. 
Many employers feel thai these factors better equip an 
employee to be a productive member of a professional 
staff. 



The geoscience discipline selected most often for an under- 
graduate degree is general geology or Earth science, fol- 
lowed by petroleum engineering and geophysics. At the 
graduate level, most master's degrees are in geophysics, 
followed by general geology/Earth science and petroleum 
engineering. Most doctoral degrees are in geophysics, fol- 
lowed by economic/mining geology and petroleum 
engineering. 

Description of What a Geoscientist Does 

The on-the-job activities of many geoscientists have been 
described earlier in this section. Generally, the duties of 
Earth scientists include gathering information or data to 
define clearly a subject of geoscientific interest. This may 
be an area of land (on or below Earth's surface), or in the 
ocean, the atmosphere, or in space. The information is then 
analyzed to provide an initial answer to whatever problem is 
being investigated. After testing this initial answer, the Earth 
scientist may share the resulting conclusions with other 
Earth scientists to determine the next action. 

For example, in the petroleum industry a geoscientist col- 
lects data about layers of rocks in the subsurface. This 
information may help the petroleum geologist to determine 
if the rock contains oil or gas. If that seems likely, the 
petroleum company may decide to drill a well into that layer 
of rock to test for the presence of oil and/or gas. The geo- 
scientis* may go to the drilling location to supervise the 
drilling operation and to provide technical reports on the 
activity. Drilling locations vary from those commonly identi- 
fied with this industry, such as the oil fields of Texas and 
Oklahoma, to more exotic locations such as the North Sea 
and the Brazilian rain forest. A successful venture results in 
profits for the company and energy resources for the 
customer. 
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A geoscientist working for the government may study a 
variety of issues that are important to the public, from local 
land-planning needs to the updating of topographic maps, 
and other research topics. 

The following are brief descriptions of some other geo- 
science specializations. A geochemist analyzes the compo- 
sition of Earth materials. A geophysicist uses quantitative 
methods to study the physical properties of Earth. 
(Seismology and tectonics are two areas addressed by geo- 
physicists.) An engineering geologist uses geoscientific 
data and techniques to assure that the engineering aspects 
of construction (buildings, dams) include proper treatment 
of geologic factors. An economic geologist studies geologic 
materials used commercially, such as fuels, metals, non- 
metallic minerals, and other Earth resources. This includes 
the search for and identification of deposits of such materi- 
als. A geomorphologi$t$[ud\e$ Earth's surface, specifically 
to describe landforms and examine their developmental his- 
tory. A paleontologist studies the chronology of Earth's his- 
tory based on fossil plants and animals. An oceanographer 
studies the marine environment of the ocean, including its 
physical, chemical, biologic and geologic aspects. A meteo- 
rologistwotks in the atmospheric sciences and is con- 
cerned with Earth's lower atmosphere, specifically including 
weather phenomena. 

Summary 

The geosciences prese -t many exciting challenges. Those 
who enjoy solving problems, observing and classifying 
Earth materials, and working in and on a variety of geo- 
graphic locations will find the geosciences an appropriate 
career choice. Additional information on topics in geo- 
science can be found at a local library, through municipal, 
state, and federal science agencies, and through profes- 
sional geoscience organizations such as the American 
Geological Institute. 



Meteorology 

by Renee R Fair and Edward H Young. Jr. 

Meteorology is the study of the atmosphere and its phe- 
nomena that relate to weather and weather forecasting. A 
meteorologist is a person who studies the atmosphere and 
does weather forecasting. 

Description of Work 

Meteorologists perform professional and scientific work 
primarily concerned with the phenomena and conditions in 
Earth's atmosphere, and their effects on human, social, and 
economic activities. Phenomena having potential adverse 
effects, which meteorologists seek to predict include hurri- 
canes, tornadoes, blizzards, and droughts. The work 
requires professional knowledge of meteorological meth- 
ods, techniques, and theory, and the ability to apply this 
knowledge in the solution of practical and theoretical prob- 
lems. 

Work performed by meteorologists includes weather analy- 
sis, forecasting, air and water pollution advisories, climatol- 
ogy, radar and satellite surveillance and analysis, 
computer-prepared prognostic guidance, and meteorologi- 
cal research. 

Synoptic meteorologists analyze weather data from satel- 
lites and worldwide networks of stations equipped with 
upper-air sounding equipment, radar, and surface-observ- 
ing instrumentation. Weather forecasters prepare a variety 
of forecasts for the general public and for specialized inter- 
ests such as aviation, marine, and agriculture. Research 
meteorologists do research in atmospheric physics, refining 
and advancing meteorological theory, and creating and 
improving mathematical models of atmospheric processes 
and events. They work in laboratories and in the field study- 
ing severe storm mechanics, weather modification, and new 
weather prediction techniques. Climatologists collect, orga- 
nize, archive, interpret, and publish climatological data. 




The NOAA GOES-5 weather satellite obtained (his view of Hurricane 
Alan, just off the southern tip of Texas in August 1980 
(NOAA photograph! 



A major employer of meteorologists is the National Oceanic 
and Atmospheric Administration (NOAA). Its meteorologists 
are assigned to the National Weather Service Environmental 
Research Laboratories and the National Environmental 
Satellite Data Information Service. 

After several years of experience and training, a meteorolo- 
gist generally moves into a more specialized field. Some of 
these are the following: 

Agricultural Meteorology 

Mathematical Analysis and Programming 

Aviation Forecasting 

Marine Forecasting 

Central Analysis and Prediction 

Radar Meteorology 

Climatology 

Satellite Meteorology 

Fire Weather Forecasting 

Spacefliynt Meteorology 

Hurricane Forecasting 

Severe Local Storm Forecasting 

Increasingly broad and specialized experience accompa- 
nied by graduate study equips a meteorologist for staff or 
supervisory positions or for research in a specialized area 
of meteorology. 

Location of Work 

Meteorologists work throughout the country. The NOAA 
offices, within the National Weather Service, is a majoi 
employer of meteorologists. Meteorologists are located in 
most of the major cities in the 50 states and in Washington. 
D.C. They are assigned to National Weather Service 
Forecast Offices. There is also a large concentration of 
meteorologists in NOAA's National Meteorological Center 
located in Camp Springs. Maryland. NOAA's Environmental 
Research Program has field offices throughout the United 
States. Research meteorologists are located in Suitland. 
Silver Spring, and Camp Springs. Maryland: Boulder. 
Colorado: Kansas City. Missouri: Cincinnati. Ohio: Norman. 
Oklahoma: Las Vegas. Nevada: Miami. Florida: Idaho Falls. 
Idaho: Oak Ridge. Tennessee: Raleigh. North Carolina: and 
Princeton. New Jersey. 



Educational and Qualification Requirements 

The main fields of study required at the high school and 
college levels include physics and mathematics (through 
calculus and differential equations) and meteorology. A 
minimum requirement for a career in meteorology is a full 
course of study leading to a bachelor's degree in an accred- 
ited college or university, which has included or been sup- 
plemented by 20 semester hours in meteorology. This 
includes 6 semester hours in weather analysis and forecast- 
ing, and 6 semester hours in dynamic meteorology. 

Career Development Assignments 

The National Weather Service conducts a training program 
to develop its forecaster work force. This program com- 
bines on-the-job training (OJT) and course work to provide 
basic training in facility operations and forecast techniques. 
The intern will perform, as training and experience proceed, 
all aspects of the office functions. The OJT will advance 
from routine to difficult assignments. The career ladder for 
meteorologists provides for yearly progression, based on 
satisfactory service and completion of training assign- 
ments. At the end of the assignment, the meteorologist may 
be assigned to another geographical location within the 
National Weather Service. 

A variety of assignments in a meteorologist's career not 
only helps select an area of specialization, but provides a 
good background for the specialization itself. Because 
career opportunities are located throughout NOAA. mobility 
is an important factor in career development. It is equally 
desirable that a meteorologist gam experience in interna- 
tional assignments, in view of the global nature of atmo- 
spheric phenomena. 
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Astronomy 

by Or George R Carruthers 

Astronomy deals with the entire universe outside of Earth. 
As such, it lies at the opposite extreme from particle 
physics, which deals with the smallest entities of nature. 
However, astronomy is based to a very high degree on 
physics. It differs from other sciences in that it is not possi- 
ble to do actual laboratory experimentation in astronomy; in 
most cases, we cannot actually visit the object under study, 
but can only observe it from a distance. 

Hence, astronomy is a field dependent on remote sensing 
— study based on observations of light and other forms of 
electromagnetic radiation received from the object. Thus, 
the fields of optics and electromagnetism are of fundamen- 
tal importance to astronomy, since these form the basis by 
which information is obtained. However, nearly all other 
fields of physics are involved in interpreting and under- 
standing the information received. Many areas of astrono- 
my also involve chemistry; for example, studies of the 
composition of planetary atmospheres and of interstellar 
gas and dust. Even biology is important in determining 
whether there may be life elsewhere in the universe. 



Modern astronomy has been marked by an increasing 
diversity of wavelength ranges in the electromagnetic spec- 
trum accessible to study, and in types of equipment and 
theoretical techniques used. Astronomy has become much 
closer to physics now than it was 100 years ago. As recent- 
ly as 1960, most astronomy was done with optical tele- 
scopes in ground-based observatories, although the 
then-new field of radio astronomy was gaining prominence. 
With the advent of the space program and the availability of 
satellites and other space vehicles, astronomy began to 
encompass observations in the ground-inaccessible ultravi- 
olet, X-ray. and gamma-ray wavelength ranges. Advances in 
infrared detector technology resulted in the development of 
infrared astronomy, first with ground-based telescopes, and 
then with telescopes carried on high-altitude aircraft, bal- 
loons, and space vehicles. Many professional astronomers 
obtained their academic degrees in physics (or even chem- 
istry) and may have never actually looked through a 
telescope. 

Examples of fields of research in astronomy include studies 
of planetary atmospheres, stellar atmospheres, stellar 
structure and evolution, galactic structure and evolution, 
properties and composition of interstellar material, and 



Four students pardcoapng <n 
the National Optical 
Astronomy Observatories KM 
PeaK halcnai Ooser^ator) 
AlHB summer program are 
shown us>ng a 36-inch 
telescope at Kitt Peak 
(NOAC/K;tt Peak pnotograpni 
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Summer student Donovan 
Kirkland science teacher 
Rachel Clark, mechanical 
engineer Steven McAllister, 
and summer student Jennifer 
Evans are doing pre- flight 
preparations of the Naval 
Research Laboratory's Far 
Ultraviolet Cameras experi- 
ment, which flew on Space 
Shuttle mission STS-39 in 
April 1991. 



cosmology (the structure, history, and future evolution of 
the universe). An example of a research topic is determina- 
tion of how stars and planets are formed. This includes 
studies of other planets and objects in our solar system to 
obtain new insights into the history of our solar system, 
and also studies of regions elsewhere in our galaxy where 
astronomers suspect that new stars are being formed. 
Space observatories are becoming increasingly important 
tools of astronomy. One of the major milestones of modern 
astronomy was the launching of the Hubble Space 
Telescope into Earth orbit by the Space Shuttle. This tele- 
scope has the potential to be 50 times as sensitive as the 
largest ground-based telescope, in addition to having 10 
times better resolution, and is able to observe ultraviolet 
wavelengths not observable from the ground. The Compton 
Gamma Ray Observatory is producing similarly large 
advances in our capacity to study gamma rays, the most 
energetic form of electromagnetic radiation. Similar obser- 
vatories for the X-ray and infrared wavelength ranges are 
planned. 



Educational Requirements and Types of Work 

Astronomy is very closely related to physics, hence the 
educational requirements for astronomy are nearly the 
same as for physics through the sophomore year of col- 
lege. Most colleges offer introductory astronomy courses, 
having minimal science and mathematics prerequisites, 
which are recommended for those having a general interest 
in astronomy but who are undecided about choosing it as a 
major. However, such courses are not essentia! for astrono- 
my majors, since schools offering astronomy as a major 
field also have intermediate^level courses in astrophysics. 
These cover the same subject areas as the descriptive 
astronomy courses, but with college physics and calculus 
as prerequisites. In the junior and senior years and in grad- 
uate school, astronomy majors take more advanced physics 
and mathematics courses, as well as more specialized 
astronomy courses. These latter include celestial mechan- 
ics, stellar atmospheres, galactic structure and dynamics, 
general relativity and cosmology, and other specialties. 
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As is true in physics, research in astronomy usually 
requires a Ph.D. degree. Although many astronomers use 
large telescopes at major observatories, this is by no means 
the only major research activity in astronomy. Theoretical 
astrophysicists (including cosmologists) use computers as 
their major tools. Many astronomers use instruments flown 
on aircraft, balloons, rockets, and spacecraft — or even 
underground neutrino detectors. Astronomers who observe 
X-rays, gamma rays, and energetic particle radiations often 
have more in common with high-energy physicists than 
with conventional visible-light astronomers. 




People having training in astronomy with B.S. or M.S. 
degrees may find employment in applied areas such as 
space flight mission planning; as assistants to research 
astrophysicists at observatories, universities, and govern- 
ment laboratories; in teaching astronomy at the high 
school, junior college, and university level; and in planetari- 
umsand museums. 




Neptune, currently the outer- 
most planet in the solar sys- 
tem, and its largest satellite. 
Triton, weie imaged close-up 
by NASA s Voyager 2 space- 
craft in August 1989. Four 
times Earth's diameter but 30 
times Earth's distance from 
the sun. Neptune is invisible 
io the naked eye It was not 
even discovered unlit 1846 
and appears little larger than 
the resolution limit of even the 
largest ground-based tele- 
scopes. Space missions such 
as Voyager involve large 
numbers of scientists, engi- 
neers, and mathematicians 
(NASA photographs) 
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Health Physics 

by Hattte V CanveH 

Health physics is another example of an interdisciplinary 
field. Health physics is concerned with the effects of high- 
energy radiation (an area of physics) on human health (biol- 
ogy)- 

Energetic subatomic particles (electrons, protons, neutrons, 
and atomic nuclei) and electromagnetic radiations (X-rays 
and gamma rays) can produce harmful effects in humans 
and other living organisms. Health physics is the profession 
devoted to the protection of humans and the environment 
from unwarranted radiation exposure. A health physicist is 
a person engaged in the study of the problems and practice 



of providing radiation protection. Understanding the mecha- 
nisms of radiation damage, developing and implementing 
methods and procedures necessary to evaluate radiation 
hazards, and providing protection to humans and the envi- 
ronment from unwarranted radiation exposure are also con- 
cerns of the health physicist. 

Types of Work 

Implementation of health physics concerns falls into four 
areas: research, operation, education, and enforcement of 
governmental regulations. Some health physicists special- 
ize in only one of these fields: however, most find them- 
selves engaged in all four. 





Scientists and technicians 
who work with radioactive 
and/O! toxic materials use 
glove-boxes, such as that 
shown here to avoid contact 
with the materials and to pre- 
vent the accidental release ol 
hazardous materials into 
the outside environment 
(Rockwell International photo- 
graph} 
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In operations, health physicists limit personnel exposure to 
radiation by controlling the time, distance, and shielding 
design at radiation facilities and in the radiation work envi- 
ronment. They monitor for the presence of radiation and 
prevent the spread of contamination. These control meas- 
ures are used at accelerators, reactors, hospitals, and in the 
outside environment to evaluate radiation released in the 
air. soil, and water. They are responsible for maintaining 
radiation exposure to the lowest practicable limits. To 
ensure control measures are effective, areas are periodically 
monitored with radiation survey equipment, and the expo- 
sure detected by personnel dosimeters is determined. 

Health physicists constantly research new and better ways 
to understand the behavior of radiation and its interaction 
with the environment and the human body. They are inter- 
ested in ways it can be used beneficially, such as to diag- 
nose and treat diseases like cancer. Also, many countries 
are interested in how radiation can be used in food preser- 
vation, in powering small equipment such as pacemakers, 
as well as in many other industrial applications. Improve- 
ments in radiation detection methods and equipment make 
the control measures more effective and improve the ability 
of health physicists to evaluate hazards. 

Education programs for radiation workers are provided by 
the health physicist to promote the safe handling of 
radioactive materials and to reduce the spread of contami- 
nation where radioisotopes are in use. 

Health physicists enforce the radiation protection guidelines 
established by various state and federal agencies. These 
guidelines provide limits for permissible exposure to radia- 
tion workers and the general public, both in routine situa- 
tions and in the case of an accident. Health physicists are 
employed by federal agencies (such as the Nuclear 
Regulatory Commission and the Environmental Protection 
Agency), state agencies, health departments and environ- 
mental control agencies, universities and research laborato- 
ries, hospitals and medical centers, and various industrial 
facilities including nuclear power plants. Some health 
physicists have consulting firms that provide expertise for 
medical and/or industrial installations that do not employ 
full-time health physicists. 



Educational Requirements 

To qualify for a career in health physics, you must have a 
basic education in physical science plus training in specific 
areas. High school students who want to prepare for techni- 
cal or university courses in health physics should follow an 
academic program that emphasizes mathematics, chem- 
istry, physics, and biology. 

Technical training in health physics is available at technical 
schools, vocational training centers, and sometimes from 
employers. Approximately 80 technical training institutions 
and several universities offer programs in health physics or 
related fields. One- and two-year programs (some leading 
to an associate degree) include such courses as radioactivi- 
ty and radioactive decay, radioactive contamination control, 
environmental radioactivity, nuclear technology, and radia- 
tion health. 

Experienced and competent technicians are eligible to quali- 
fy for certification as Health Physics Technicians. The certi- 
fication is awarded by the National Registry of Radiation 
Protection Technologists. 

To qualify for professional status, a health physicist must 
earn at least a B.S. degree in science, with specialized 
courses in physics, mathematics, chemistry, nuclear engi- 
neering, biophysics, medical physics, and radiation biology. 
More than 50 universities offer either B.S., M.S., or Ph.D. 
degrees in health physics and related fields such as radia- 
tion biology or radiological physics. Graduate degrees are 
usually required for research and teaching positions. 
Undergraduate and graduate programs focus on curricula 
that include interaction of radiation with matter, nuclear 
physics and engineering, physiology and genetics, radio- 
chemistry, and radiobiology. 

Financial assistance is sometimes available through federal 
and state grants and scholarships, as well as teaching and 
research assistantships. Professional health physicists are 
also eligible to receive certification for competence and 
experience in the field. The American Board of Health 
Physics prepares and administers the written certification 
examination. 
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Computer Science 

byRosilynSeay 

Computer science is another example of an interdisciplinary 
field, having its origins in mathematics and electrical engi- 
neering. Computer science is one of the most exciting, chal- 
lenging, and adaptable disciplines in existence today. It is 
also one of the newest. The boundaries of the field are so 
pliable that they overlap almost any other technical field. In 
fact, nearly all technical fields depend on, or benefit from, 
the use of computers. 

Although the ields of computer science and data process- 
ing are new as technical disciplines, the concepts used in 
computing are not. As soon as commerce developed in 
early societies, people recognized the need to calculate and 
to keep track of information. They soon devised simple 
computing devices and bookkeeping systems to enable 
them to add, subtract, and record simple transactions. The 
abacus, which appeared both in ancient Egypt and in China, 
could be used to add, subtract, multiply, and divide. The 
first mechanical adding machine was developed in 1642 by 
the French philosopher and scientist Blaise Pascal. Some 
50 years later, the German mathematician Gottfried Leibnitz 
produced the first mechanical calculating machine that 
could multiply and divide as well as add and subtract num- 



bers. Finally, the difference engine, which was used to auto- 
matically compute and print out mathematical tables that 
were accurate to five significant digits, was devised by 
Charles Babbage in the early 1800s. Modern electronic 
computers were first developed during the 1940s. The earli- 
est models were essentially one-of-a-kind machines that, 
although experimental in nature, were used for practical 
applications. 

Developments in solid-state electronics, including first the 
transistor and then integrated circuits, made possible the 
explosive development of smaller and more powerful com- 
puters beginning in the 1960s. The microcomputer or per- 
sonal computer (PC), weighing only a few pounds, has far 
more computing power and capability than the early vacu- 
um-tube computers, which filled entire rooms, used thou- 
sands of watts of power, and cost millions of dollars to 
build and maintain. 

As recently as the late 1970s, the average person rarely had 
direct contact with a computer system. Typically, payroll 
was computer processed, and grades were processed and 
printed on computer forms. Some retail stores had comput- 
erized billing systems. The situation has changed dramati- 
cally. More than half of the United States labor force is now 
in information occupations — jobs that "create, manipulate, 
or use" information, or work with technologies that do 



Monitor 



External Data 
Storage 




Floppy Disk 
Drive 




Output 




Input 



Communications 




Modem 



Block diagram of a typical 
computer system, showing the 
major components and their 
interfaces. Components out- 
side of the central processor 
and memory are often called 
peripherals; other devices 
besides those shown here can 
be used 



Mm 



Keyboard 



ERIC 



A computer program is best 
visualized and developed by 
means of a flow diagram. As 
shown here, the building 
blocks of the diagram include 
start or stop instructions, 
input or output instructions, 
process (computation) 
instructions, and decision 
(branch point) instructions. 
These can be combined in 
various ways to achieve the 
desired result. 



Sample Computer Program 

Convert an input list of 10 numbers, labeled n = 1.2, ..10. with values 
expressed in degrees Fahrenheit, into a corresponding list of 10 values 
expressed in degrees Centigrade, 
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these things. As pointed out by John Naisbitt in his book, 
Megatrends, the United States has changed from an 
industrial-based society to one based on information. 
Computers and data processing have greatly changed how 
industries, governments, educational institutions, and 
everyday people perform their work and even how they 
play. Computers instantly perform the most complicated 
mathematical calculations, make comparisons, bring 
together different information, and even choose between 
lists of alternatives. Everyday examples include computer- 
ized airline reservation bookings, automatic 24-hour bank- 
ing machines, word processors, and video games. More 



advanced applications include computer-aided design and 
drafting, computer-controlled machine tools, automatic 
pilots, and guidance systems for airplanes and space vehi- 
cles. The fast-developing field of robotics is an example of 
one of the newer, most computer-intensive engineering 
specialties. 

Future applications of the computer are bounded only by 
the limitations of human imagination and creativity. This is 
what makes the computer field exciting. The many current 
and potential uses of the computer create varied choices for 
those interested in taking advantage of, and making the 
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Software engineer Walter 
Robinson is shown leslmg a 
Spectrometer Interface 
Module (SIM) for the Imaging 
Spectrometric Observatory 
Computer (ISOC) at the NASA 
Marshall Space Flight Center. 



most of. these machines. The many applications of the 
computer make the career choices, and types of people 
appropriate to these, very numerous. In general, however, 
academic specialties that are most directly applicable (in 
addition to Computer Science, where offered) include 
Electrical and Electronic Engineering (for the design of new 
computer systems and integration of these with other sys- 
tems) and Mathematics and Information Systems (for the 
application of computers to computation and other task \ 

Types of Work 

As mentioned previously. Computer Science covers a wide 
range of occupational specialties. However, three major cat- 
egories cover a large portion of these career options: (1 ) 
design and maintenance of computer systems (hardware): 
(2) design and development of computer programs (soft- 
ware): and (3) application of computers to other technical 
fields (interfacing and integration). The following are more 
detailed descriptions of some specific occupations. 

Computer Design —The design of new computers is driven 
by current and anticipated applications requiring one or 
more of the following: greater computational capability 
(faster speed, larger memory, higher accuracy): lesser size, 
weight, and power consumption: higher reliability and resis- 
tance to adverse environments: and adaptability to a wider 
range of applications. Computer designers typically have at 
least B.S. degrees in electrical or electronic engineering, 
with emphasis on solid-state devices and their computer 
applications. A knowledge of the mathematical basis of 
computing, and of computer programming, is also 
desirable. 




Mathematician Valerie L Thomas ol NASA s Goddard Space Flight 
Center studies global warming trends depicted by the images 
generated from data collected in the Greenhouse Fffecl Detection 
Experiment (GEDEX) 
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Applications Programming — The applications programmer 
writes computer programs for specific tasks in business, 
government, science, or engineering. This person supplies 
the "thoughts" to computers that enable them to perform 
these tasks. That is, the programmer plans and organizes 
the procedures a computer will follow to carry out a task. 
For jobs in organizations using computers for scientific or 
engineering work, programmers typically are college gradu- 
ates with degrees in mathematics, computer science, 
physics, or a field of engineering. For jobs in business or 
government that deal with less technical applications, 
degrees in business administration or accounting may be 
appropriate, but course work should include computer pro- 
gramming, mathematics, data processing, and statistics. 

Computer Operations — The computer operator is the per- 
son directly responsible for running the console or main 
terminal of the computer. These duties include starting up 
the computer, submitting computer cards or magnetic 
tapes prepared by the programmer to the computer, and 
the operation and management of the computer peripherals 
(hardware connected to the computer) such as printers, 
tape and disk drives, plotters, and video terminals. 
Generally, the computer operator does*not need a detailed 
knowledge of the internal workings of the computer, or of 
computer programming, and a college degree is not usually 
required. A high school diploma, plus training in the opera- 
tion and maintenance of the computer, is usually sufficient. 

Communications Specialists— Communications involves 
linking several computers together, accessing a computer 
from a distance (requiring special hardware, such as tele- 
phone modems), and using the computer to manipulate 
nonlocal hardware such as satellites, for example. There are 
several possibilities within communications. To produce 
plans for a communications network, systems design engi- 
neers Ami on an in-depth knowledge of equipment proto- 
cols, communications facilities, corporate desires, 
applications, and business management. The communica- 
tions programmers a specialist in communications soft- 
ware. This individual provides programs, or software, both 
for new products and for aiding in the integration of vendor 
packages to provide the intelligence within the data net- 
work. The communications technician troubleshoots a 
hardware problem, performs a diagnostic analysis, and then 
either repairs the trouble or oversees the repair by the ven- 
dor. Most communications specialists come from other 
fields such as systems programming or operations. 



Database Specialist— A database, by definition, is a set of 
computer records (files) that are logically structured and 
logically linked to each other. A database management sys- 
tem (DBMS) enables a company or organization to orga- 
nize, catalogue, locate, store, retrieve, and maintain the 
information in a database. 

There are three major job classifications in the database 
area. The database administrator \s responsible for design- 
ing, developing, and administering the use of the data with- 
in the database. The database systems programmer 
oversees the database package from the systems program- 
ming point of view. This includes performing a feasibility 
study before the package is purchased, installing the pack- 
age on the computer and making any additional changes 
necessary such as defining the parameters of the system, 
and finally debugging it. The database programmer analyst 
must know all the computer instructions (commands) in a 
standard DBMS package, must understand database con- 
cepts, and must know how to structure the programs so 
that they can be linked together. In many companies, these 
functions are often performed by one individual. Database 
personnel generally require a four-year college degree. 
However, since courses offered at colleges in this specialty 
are limited, a general background in computers and pro- 
gramming is most appropriate. 

Systems Programmers — A systems programmer is 
responsible for maintaining the operation system of the 
computer: this is the basic, internal set of programs that 
enables the computer to accept, process, store, and output 
data. These programs must be operational before the com- 
puter can accept and use applications programs. Generally, 
a systems programmer must understand the hardware of 
the computer and the interactions with applications pro- 
grams. Today, at least a four-year degree and preferably 
several years of experience in programming of the particu- 
lar computer system are required. The preferred degrees 
are in computer science, mathematics, or engineering. 
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Electrical and Electronic Engineering 

by Or Samuel G White. Jr 

Electrical engineering and electronic engineering are the 
applications outgrowth of the branch of physics concerned 
with electricity and magnetism. Initially, (beginning in the 
latter part of the 1 9th century), electrical engineering was 
concerned with the design and development of such 
devices as electric motors and generators, electrical trans- 
mission systems, and electric lighting. Some of the early 
practitioners of the field include Thomas Edison. Nikola 
Tesla. Granville Woods. Charles Steinmetz, and Lewis 
Latimer. 

The later development of electronics, which at first used 
vacuum tubes and. more recently, solid-state devices, origi- 
nated in the early part of the 20th century and was largely 
driven by the radio communications demands of World 
War I. The primary focus was on increasing the transmis- 
sion frequency (decreasing the wavelength) in order to 
reduce the size of the antennas and the power requirements 
of radio communication. The associated research resulted 
in the development of the vacuum tube, the first major elec- 
tronic device. Initially, electrical engineers were classified as 
radio engineers, telephone engineers, or power engineers. 

During the era of World War II. further reductions in trans- 
mitting and receiving radio wavelengths led to the develop- 
ment of radar and also to peacetime applications in radio 
and television systems. These and other related develop- 
ments led to major expansion of the field of electrical engi- 
neering, resulting in its being split into two major subfields. 
electrical and electronic engineering. Electronic engineering 
includes the areas of telecommunications, recording 
devices, computers, solid-state devices, control systems, 
automation, and instrumentation. Electrical engineering 
includes electrical power generation and transmission, elec- 
tric motors and other electromechanical devices, and elec- 
tric lighting. 

As vacuum tubes ushered in electronic engineering, the 
introduction and proliferation of solid-state devices (such 
as transistors, integrated circuits, and solid-state rectifiers) 
resulted in major expansions of both electrical and electron- 
ic engineering. Electrical and electronic engineering now 
include a vast variety of applications, including communica- 
tions equipment (radio, television, recording systems, etc.). 
computers, control devices and automation, radar, and 
energy sources such as solar power and nuclear-electric 



ERIC 



Electrical engineers work 
with devices and equipment 
having a wide range of sizes 
and power levels. At top is a 
typical electric power sub- 
station, which handles many 
millions of watts of power. At 
bottom is a highly magnified 
view of a typical silicon- 
based integrated circuit, 
which measures only 4x4 
millimeters in size and 
whose power level is mea- 
sured in milliwatts (thou- 
sandths of a watt). This chip 
is an Analog Programmable 
Vector-Matrix Multiplier 
Array, designed and built at 
the Naval Research 
Laboratory. (Courtesy of 
F.Kub.NRL) 





A diagram of a typical electric 
power generating station. In 
addition to the use of a coal- 
fired boiler, as shown, other 
heat sources (such as a 
nuclear reactor) can be used 
or the generator can be pow- 
ered by a water-driven turbine 
or a windmill The design of 
such a facility involves many 
types of technical profession- 
als, including mechanical, 
electrical, and civil engineers. 
Considerations include not 
only maximizing the efficiency 
of power generation, but also 
minimizing environmental 
impacts (such as might result 
from the smokestack exhaust 
or from heating of the river 
water). 



power systems. In fact, electricity used in one way or 
another is involved in nearly all of our daily activities and is 
truly a servant of humanity. It is very difficult to imagine 
what our lives would be like without it. 

The electrical/electronic engineer applies basic physical and 
engineering principles, both electrical and mechanical, in 
the design and construction of electric power generation 
and transmission systems, communications systems, auto- 
matic control systems, computers, and other electrical 
equipment. The basic requirements of electrical and elec- 
tronic systems change and new designs must provide for 
the necessary capabilities. For example, a computing 
machine must be built that will solve problems of greater 
and greater complexity and at the same time have a means 
of introducing the problem into the machine as simply as 
possible. Electrical and electronic engineers are involved in 
almost all aspects of modern technology and scientific 
research, including medicine and health, aerospace, ground 
transportation, and housing. Hence, there are excellent 
career opportunities in nearly all technically oriented busi- 
nesses and government agencies. Virtually all modern 
home conveniences, such as an visual entertainment sys- 
tems, microwave ovens, personal computers, and many 
automotive systems and accessories are largely the work of 
electrical and electronic engineers. Most major surveys pre- 
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diet a very high demand for such skills in the future: there- 
fore, the outlook for electrical and electronic engineers is 
very bright. 

Types of Work 

Electrical and electronic engineering is the largest field of 
engineering at present. Areas of specialization include solid- 
state electronics, computer design, telecommunications, 
electric power and transmission systems, control systems, 
industrial electronics, and instrumentation. The following 
are more detailed descriptions of some of these specialties. 

Solid-State Electronics is concerned with devices based on 
semiconductors such as silicon, which are of central impor- 
tance to electronic circuits and systems. Examples include 
solid-state rectifiers (for converting alternating current to 
direct current), the transistor (used for electrical signal 
amplification), integrated electronic circuits (containing 
many transistors and other electronic components on a 
single semiconductor chip), light-emitting diodes (LEDs), 
computer memory devices, and electronic imaging devices 
(such as the charge-coupled device, CCD). As exemplified 
by LEDs, CCDs, and optical disk recording media, many 
electronic devices increasingly involve optical as well as 
electrical signals to meet present and future requirements. 
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Brian Johnson electronics engineer at the NASA Marshall Space 
Flight Center, is testing a control board lor the ground-based held 
million detection system used lor shuttle lightning studies 



Computer Design — Design and development of computers 
presently, and for the foreseeable future, will emphasize 
providing a capability for processing more data in less time, 
while requiring less training and skill on the part of the 
operator (i.e.. having user-friendly interfaces). 

Telecommunications — The theory and technology of 
telecommunications include data transmission by electro- 
magnetic wave propagation (radio waves, lasers) and con- 
ducted and guided signals (telephones, microwave 
waveguides, fiber optics). Applications are in commercial 
and other fixed station services, as well as marine, aeronau- 
tical, space, and other mobile communications. Engineers 
specializing in this field work toward system optimizations, 
including ways to transmit and receive more information in 
less time, over greater distances, and (especially in mobile 
systems) with less power, size, and weight of equipment. 

Power Systems — This field involves the requirements, 
planning, analysis, reliability, operation, and economics of 
electrical generating, transmission, and distribution sys- 
tems. These provide electric power for industrial, commer- 
cial, public, and domestic consumption. 
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Cnarge- coupled device (CCD) 
arrays are solid-state electron- 
ic imaging devices which, in 
recent years have largely 
replaced vacuum-tube televi- 
sion cameras and aie used in 
space flight missions such as 
Galileo and Hubble Space 
Telescope Electrical engi- 
neering co-op student Luong- 
Quyen Phan is shown testing 
an ultraviolet camera that uses 
a CCD array (postage-stamp 
sue object on the camera sen- 
sor head at right) tNRL pho- 
tograph) 



Instrumentation — - Electrical and electronic techniques are 
used to make measurements of many physical quantities, 
often not initially electrical in nature (such as temperature, 
pressure, velocity, or altitude). 

Educational Requirements 

Students desiring to enter the electrical and electronic engi- 
neering professions should begin their preparation in math- 
ematics and science at least by the end of the eighth grade. 
The study of electrical and electronic engineering requires 
that the student take high school courses in mathematics 
and science (including algebra, trigonometry, physics, and 
chemistry) and other college-preparatory subjects. It is very 
important that the student learn to enjoy, as well as be able 
to apply, the principles of mathematics and science. 

Upon completion of high school, the student enrolls in an 
engineering college and a curriculum that requires at least 



four years to complete. During these four years, the student 
will complete at least one year of course work in mathemat- 
ics (including calculus and differential equations) and at 
least one year of basic science (including college physics 
and chemistry). Other minimum requirements include one 
year of course work in engineering science (mechanics, cir- 
cuit analysis, thermodynamics, etc.). one-half year of engi- 
neering design, and one-half year of course work in 
humanities and social sciences. In the second half of the 
four-year course of study, the electrical and electronic engi- 
neering student may choose to specialize in one or more of 
the following areas, depending on the career field of inter- 
est: computer design, robotics, power systems, electro- 
magnetic field theory, communications systems, circuit 
theory, solid-state electronics, automatic control systems, 
optical electronics, and others. 
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Mechanical Engineering 

by Rickey J Shyne 

Mechanical engineering is the broadest of all the engineer- 
ing disciplines and is second only to electrical and electron- 
ic engineering in number of people employed. It is an 
outgrowth of the branch of physics known as mechanics, 
which deals with the properties and motions of solid bodies 
and of fluids. Mechanical engineers are involved in the 
design and development of machinery, which may either 
generate power or use it by conversion into a more useful 
form. Examples include internal combustion engines, 
steam and gas turbines, jet and rocket engines; heating, air 
conditioning, and refrigeration systems; automobiles, air- 
planes, trains, and subway systems; manufacturing equip- 
ment, computer-aided design and manufacturing, robotics, 
and others. 

Other fields that are outgrowths of mechanical engineering 
include aerospace engineering, nuclear engineering, mate- 
rials engineering, metallurgical engineering, and structure? 
engineering. There is also much commonality between 
mechanical engineering and civil engineering. 
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Mechanical and civil engineers use the principles of mechanics (a 
bianch of physics) to design structures in the most efficient man- 
ner, that is, to achieve the greatest strength with the minimum 
amount of material. A typical example is shown here, illustrating 
how the strength of a given structural element can vary depending 
M^rv // is used 



A typical mechanical engi- 
neering drawing. An engineer 
would give this to a machinist 
to have the parts made 
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Types of Work 

To provide a proper perspective of what the mechanical 
engineering discipline includes, a few of its specialty areas 
are highlighted below. 

Automotive Engineer — A mechanical engineer who is 
involved in the design of vehicles and engines for automo- 
tive needs of the future. Automotive engineers design every 
part of the automobile from something as small as a door 
latch to something as large as the engine or the front and 
rear bumper systems. 
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Monitor display of a three-dimensional engineering drawing devel- 
oped with AutoCAD' ,? computer-aided design and drafting software 
(Courtesy ct Autodesk. Inc ) 



Biomedical Engineer — This specialty of mechanical engi- 
neering deals with the application of mechanics and/or fluid 
flow to the medical field. This may include designing a 
mechanical pump for temporary replacement of the human 
pump — the heart — or designing replacement parts 
(prostheses) for failed or fragile human limbs. 

Fluids Engineer— A mechanical engineer who specializes 
in the design and/or manufacturing of fluid flow systems or 
processes. For example, this person would design a water 
piping system for a new building per specifications from a 
gene.nl contractor. 




Computer technology has resulted in significant changes in the 
ways in which engineers and architects go about their design work 
Previously, the hallmark of the mechanical or civil engineer was (he 
drafting hoard, on which new designs were drawn by hand (top} 
Now. computer-aided design and drafting has largely displaced 
hand drawing m most areas of engineering (bottom) (Photographs 
taken a! offices of Jackson and TuU. Chartered Engineers) 
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NASA mechanical engineer 
Amamla G Hunts. Chief of 
Pa\ loads Quahty Assurance 
Oftce assesses Transfer Orbit 
Stane flight hardware to 
ensure compliance with draw- 
ing wQU'remenis 



The Fi>gh! TeferoMc 
Servicer (FTS) assembles 
sections of the permanently 
manned Space Station truss 
structure in this artist 's con- 
cept The muHi-aimed FTS 
iv/// fie used to assist astro- 
nauts m the assembly of the 
Space Station while in orbit 
and will help maintain scien- 
tific instruments on the 
station 




Heating. Ventilation, and Air Conditioning (HVAC) Engineers 
— HVAC engineers deal with the design of heating, ventilat- 
ing, air conditioning, and refrigeration systems for various 
applications. HVAC engineers may be involved in designing 
a refrigeration system for a frozen food section at your local 
grocery store. 01 domestic solar energy systems for homes 
in the 21st century. 

Manufacturing Engineer— -This mechanical engineering 
specialty is involved with the manufacturing industry and its 
products. Manufacturing engineers design and update 
machines and/or processes used to manufacture every 
product conceivable, such as airplanes, automobiles, 
books, cookies, paper towels, etc. Increasingly, robotics is 
an important area in manufacturing engineering. Robots 
consist of computer and electrical as well as mechanical 
systems; hence, robotics involves mechanical, electrical, 
computer, and systems engineers. 



Systems Engineer— This specialty of mechanical engineer- 
ing is concerned with the design and analysis of mechanical 
or thermal systems. These systems are usually experimen- 
tally or mathematically modeled by the systems engineer to 
determine their particular performance characteristics. 

Mechanical engineers are employed across the spectrum of 
government agencies and private industry. Because of the 
great breadth of the field mechanical engineers find 
employment in a great variety of technical endeavors. 
Government employment of mechanical engineers ranges 
from research and development positions to careers in 
intelligence, depending on the agency. The employment 
opportunities within private industry are unlimited, and a 
mechanical engineering graduate can expect enormous 
flexibility in selecting a place of employment. 

Educational Requirements 

Pursuing a major in mechanical engineering will require a 
student to have a scliti mathematical and scientific founda- 
tion. Interested high school students should pursue a 
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college-preparatory curriculum, which includes algebra, 
geometry, trigonometry, pre-calculus. calculus (if offered), 
biology, chemistry, physics, and computer programming, in 
addition to English, history, and composition. Participation 
in school-sponsored science fairs and exhibits also will pro- 
vide the student with valuable experience in the engineering 
thought process. 

Once in college, mechanical engineering majors will be 
required to take fundamental courses in mathematics, 
including calculus, differential equations, and linear algebra, 
as well as in the sciences, including chemistry and physics. 
Additional courses in engineering graphics, computer sci- 
ence. English, history, and humanities courses will be taken 
in the first two years. The majority of the mechanical engi- 
neering courses taken in the junior and senior years in col- 
lege can be specialized to fit a student's personal interests 
and/or strengths. Students can specialize further by pursu- 
ing a graduate program in their area of career interest and 
expertise. 
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Civil Engineering 

by James M Saw\er 

Civil engineering involves the design and construction of 
laige stationary structures. In western history, it is an out- 
growth of military engineering. However, its principles were 
applied in ancient times to build the cities and temples of 
antiquity. Civil engineering is the oldest branch of the pro- 
fession as it is known today. 

Modern cVil engineering is concerned with public works 
such as highways, briayes. tunnels, harbors, dams, and air- 
fields. Civil engineers assist in the design and development 
of central-city areas, including sewage systams, and trans- 
portation systei : facilities such as roads, subway tunnels, 
and airport runways arid terminal facilities. They work with 
architects in the design of buildings and with mechanical 
engineers in the design of transportation systems. 

Types of Work 

To gain more insight into civil engineering, the different 
spccia'ties of this field will be examined. A dam project will 
be used as an example in defining these specialized areas. 
This hopeful! 1 ; will accomplish two objectives. The first is to 
help clarify the definition of the specialty by giviny an exam- 
ple of how it is used on a project. The second objective is to 
show how the different specialties interact. It is rare, in 
modern times, for a project not to require several different 
engineering specialty areas. 

Hydraulics Engineer— This is a civil engineer who special- 
izes in the study of waterflow jnd the drainage properties of 
water systems, natural and artificial. It is the calculations 
made by this person that determine that a dam is required 
to control the flooding on a river. The hydraulics engineer 
would also determine where on the river the dam would be 
located and how high it should be. 

Structural Engineer— This civil engineer specializes in 
examining, by use of mathematics, the forces acting on any 
large stationary structure, in this case the dam. After the 
forces have been determined, the structural engineer then 
defines the type and size of the materials used to resist the 
forces. The whole process is called structural design. This 
process differs from architectural design in that style and 
appearance are not prime concerns. 
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Soils Engineer— There are hundreds of different types of 
soil and rock. Each has its particular property under pres- 
sure The soils engineer examines the soil and reck at the 
site of the dam and calculates how much weight tnis mate- 
rial can take. This person also will design or assist in the 
design of the foundation of the dam. Soils engineers spe- 
cialize in the study of soil and rock properties as they relate 
to supporting the weight of large stationary structures. 

Construction Engineer— When ail the designs are com- 
plete and the drawings are made, this engineer's job starts. 
The construction engineer estimates the cost of the project 
and then plans, schedules, and mana r jes the actual con- 
struction of the dam. This civii engineering specialty is con- 
cerned v/ith the business aspect of the project as well as the 
technical aspects. Contract negotiations and construction 
sequence, as well as material quality and specitications. are 
all parts of this person s job. 

All of the civil engineering specialties discussed above are 
required to bring a dam project from inception to comple- 
tion. The same engineers ;/ith the possible exception of the 
hydraulics engineer would be required on any large civil 
engineering project Listed below are the other major spe- 
cialty areas of civil engineering. 

Traffic Engineering — This Involves the design of streets 
and traffic control patterns in major urban areas. 

Highway Engineering — This specialty deals with the loca- 
tion and design of major highways. 

Sanitary Engineering — The environmental movement of 
the 1960s and 1970s helped to create this area of special- 
ization. This engineer designs and manages waste water 
management and cleaning systems. 

Municipal Engineering— In order to manage the design 
and construction of the numerous civil engineering projects 
that often are required in urban areas, cities and towns 
employ their own civil engineers. These engineers deal with 
a wide range of projects from water supply to street 
maintenance. 

Again, it should be stressed that all of the specialty areas 
discussed are a part of the civil engineering discipline. In 
undergraduate study in civi! engineering, most of the differ- 
ent specialty areas are covered. The area that one eventually 
specializes in as a career will depend on personal prefer- 
ence, advanced studies, and/or employment opportunities. 



There are three main employers of civil engineers: govern- 
ment agencies, engineering consulting firms, and construc- 
tion companies The construction engineers are usually 
employed by construction companies <:s estimators, sched- 
ulers, surveyors, and construction managers. Consultants 
usually offer specialized services to their customers. 
Therefore, one may find any or all of the specialty areas 
mentioned on the staff of a consultant. 

Government agencies often provide a specialized service to 
soc.ety and therefore will .squire the employment of differ- 
ent types of engineers. For example, working for the Corps 
of Engineers will eventually lead a new graduate to a spe- 
cialization in one of the areas discussed in the dam exam- 
ple. Working for any of the State Departments of Trans- 
portation could lead to a career as a structural, traffic, 
highway, or construction engineer. Employment with a city 
or town may lead to a specialization in municipal or sanitary 
engineering. These are just a few of the potential employers 
of civil engineers. There are numerous private sector 
employers in addition to consulting and construction 
companies. 

Educational Requirements 

To become a civil engineer, you must start preparations 
early in high school. As in all technical careers, mathemat- 
ics and science are the foundations of civil engineering. A 
student planning to major in this field in college should take 
all of the mathematics offered in high school, including 
algebra, geometry, and trigonometry. Also, the basic sci- 
ences, biology, chemistry, and physics, should be taken. 

As was mentioned earlier, it is possible to become part of a 
specialized area of civil engineering by advanced studies. 
Most universities offer graduate-level courses in most of 
the specialty areas. For example, it is possible to receive a 
Master of Science degree in civil engineering with a concen- 
tration in soil mechanics. This advanced study approach is 
recommended if you intend to pursue a career as a consult- 
ing engineer. 
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Aerospace Engineering 

by Dr George R. Car rutins 

Aerospace engineering is the modern terminology for the 
combination of the fields of aeronautical (atmospheric 
flight) engineering and astronautical (space flight) engineer- 
ing. In most respects, it has its origins as a branch of 
mechanical engineering, although celestial mechanics (a 
branch of astronomy) is an important part of astronautics 
(therein known as astrodynamics). Aspects of electrical 
engineering (including computers) are increasingly impor- 
tant parts of aerospace engineering. 

The major subfields of aerospace engineering include aero- 
dynamics, structures, propulsion, and astrodynamics. 
These may be applied to the design of aircraft and space- 
craft, propulsion systems, and space flight mission trajecto- 
ries. At a more basic level, these rest primarily upon a 
physical foundation of mechanics (including fluid mechan- 
ics) and thermodynamics. Mathematics and computer sci- 
ence are important in ail subfields of aerospace 
engineering. 

Some examples of recent achievements in aerospace engi- 
neering include the development of the Space Transporta- 
tion System, or Space Shuttle. Major problems that had to 
be overcome included development of a lightweight, 
reusable thermal protection system (thermal tiles) and the 
high-performance, multiple-reuse hydrogen/oxygen fueled 
main engines. Other recent technology advances include 
development of more fuel-efficient passenger aircraft and of 
a solar-powered aircraft. Future planned developments 
include a permanently manned space station in Earth orbit, 
improved space transportation systems to lower the cost 
per pound of putting payloads in Earth orbit, and further 
improvements in the fuel efficiency (and reduction of the 
noise output) of passenger aircraft. Aerospace engineers 
are also increasingly involved in other related activities such 
as development of ground and water transportation vehi- 
cles, environmental control systems, and the development 
of new energy sources. 



Aerospace engineers have designed new jet aircraft for anme use such as the Boeing 757 and 
McDonnell Dougias MD-80 shown here, which are both quieter and more fuei-ef f icient than earner 
models 
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Educational Requirements 

Aerospace engineering requires a firm foundation in science 
and mathematics, as do most other physical science and 
engineering specialties. It is important to have taken mathe- 
matics through trigonometry and pre-calcuius in high 
school, as well as chemistry and physics, before entering 
college. The first year of college, engineering majors start 
out with calculus and physics. The curriculum for most of 
the first two years is similar to that of other engineering dis- 
ciplines, such as mechanical engineering. Major courses 
taken (mostly in the junior and senior years) include 
dynamics of incompressible and compressible fluids, struc- 
tures, propulsion, astrodynamics. and aerospace vehicle 
design. 

Aerospace engineers with B.S. degrees are employed 
mainly by the aerospace industry: however, some are also 
employed in government organizations. The range of 
options available can be enhanced by taking elective 
courses in such areas as electronics, computer science, 
and physics. Many positions require graduate study beyond 
the B.S. degree: in particular, research occupations and col- 
Jege teaching positions require the Ph.D. degree. 




Aerospace engineer Sharon Ferguson monitors (he integration of 
elements as the Advanced X-Ray Astrophysics Facility (AXAF) is 
shown in the Shuttle cargo bay during a maintenance check 
simulation 



Chemical Engineering 

Chemical engineers apply the principles of chemistry, as 
well as those of engineering and physics, to develop means 
for mass production of chemical products such as plastics, 
synthetic fibers, medicines, and detergents. They have 
developed methods for the manufacture of a wide variety of 
fuels, plastics, and pharmaceuticals from crude oil and for 
extracting high-value metals from low-grade ores. They are 
currently developing means for producing gasoline from 
coal. 

The curriculum of study for chemical engineering is similar 
to that for chemistry, but includes course work in 
engineering-related areas such as thermodynamics, fluid 
dynamics, process design, and control and electronics. 




Biology student Steven Walker and astrophysicist Or George 
Carruthers are shown recovering their sounding rocket paytoad the 
morning alter its launch at White Sands Missile Range The pay- 
load obtained far ultraviolet spectra oi stars and carried an experi- 
ment to study (he effects of acceleration on chioreila algae. (U S 
Army photograph) 
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Industrial Engineering 



Metallurgical Engineering 



Industrial engineers analyze and plan ways to increase the 
efficiency of workers, materials, and equipment for the 
most effective production of goods and services in all types 
of industries. They select processes and methods to be 
used in manufacturing a product. They develop plant lay- 
outs for machinery and decide the sequence of making the 
parts. Standards for the performance of workers and wage 
scales are established by industrial engineers. More pleas- 
ant working environments and improved productivity result 
from their work. Cften. industrial engineers are found in 
management because they can evaluate technical situa- 
tions, make improvements, and communicate with workers. 



Metallurgical engineers specialize in determining the prop- 
erties of metals and their alloys, and their applications in 
useful products. Among their objectives are maximizing the 
strength, high temperature resistance, and corrosion resis- 
tance of metals, and also minimizing their weight and cost 
in various practical applications. Metallurgical engineers 
also seek to improve processes for extracting metals from 
ores, refining them and removing impurities, and convert- 
ing them into useful forms for the manufacture of goods. 
They also seek to better understand the structure of metals 
as a basis for future developments. 




Firs! image of the Global Biosphere produced by combining dala from (wo different satellite sensors 
One of the most notable features is the clear delineation of the equator through increased plant abun- 
dance and the differences between the equatorial Atlantic. Indian, and Pacific Oceans 
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Ceramic Engineering 



Nuclear Engineering 



Ceramic engineers are concerned with the properties and 
applications of a class of inorganic materials known as 
ceramics. These include glassware, bricks, porcelain, and 
more exotic materials, in applications ranging from home 
uses (dishes, decorative items, furnace linings, and con- 
struction materials) to high-technology uses such as mis- 
sile nose cones and nuclear reactors. The ceramic engineer 
develops methods for processing clay and other non metal- 
lic materials into a variety of useful forms and also studies 
the properties of these materials and develops means of 
improving them for particular applications. For example, an 
important area of current activity is to improve the fracture 
resistance of ceramics so that their superior heat resis- 
tance can be used to advantage in automotive and aircraft 
engines. 



Nuclear engineering is one of the most modern fields of 
engineering; it is an outgrowth of nuclear physics, but also 
involves many aspects of mechanical engineering and other 
engineering fields. It is primarily concerned with the design, 
construction, and operation of nuclear power plants and 
fuel processing facilities. These range from large electric 
power generation systems and nuclear submarine power 
plants to space power systems based on nuclear reactors 
or on radioisotope heat generation systems. One of the 
major fields of current activity is the development of means 
for controlling thermonuclear fusion as a new source of 
power. By this process, the heavy hydrogen (deuterium) in 
sea water could serve as a nearly limitless, clean source of 
energy. Nuclear engineers are also involved in other appli- 
cations, such as use of radioisotopes in medicine, food 
preservation, and radiographic inspection of metal parts. 
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Diagram of a typical nuclear 
reactor power station. This 
can be used in place of the 
coal-fired boiler (shown on 
page 42) to run an electric 
power station. An advantage 
of nuclear power is that one 
pound of uranium in a nuclear 
reactor releases as much 
energy as 1,000 tons of coal 
or 5,000 barrels of oil. 
Nuclear engineers are con- 
cerned with the control and 
containment of high-energy 
nuclear radiation and radioac- 
tive materials, as well as with 
the high temperatures and 
pressures that are common to 
other power sources. 
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Architecture 

by Dallas Lauderdale and Leroy J H Drown 

Architecture is the art of conceptualizing, planning, and 
designing structures of open and enclosed spaces to house 
the various activities of humans and modern civilization. 
Architects design a wide variety of structures, such as 
office buildings, churches, hospitals, houses, and airports. 
They also design multibuiiding complexes for urban renew- 
al projects, college campuses, industrial parks, and new 
towns. Besides designing structures, architects may select 
building sites, prepare cost and land-use studies, and con- 
duct long-range planning for land development. 

Such buildings and other constructs begin with the design, 
planning, and vision of the architect. Most of them know 
instinctively what their own particular design style should 
be. whether it b of the romantic, sophisticated, modern, or 



ethnic genre. The architect's unique vision creates the 
esthetics of an original, individual style. Beyond that, envi- 
ronment, type of building or structure, and locale dictate 
specifics. Man's architectural heritage, over time, can be 
defined as a pictorial guide to the generations of human 
endeavor and progress and their expressions of that 
progress through the medium of architectural design. 
These designs are as diversified and distinctive as the com- 
ponents of society, molding the old. new, and futuristic; 
curiously enriching and unique to each individual designer 
— combining conception, ideas, and vision to form an 
innovative, exciting, and composite whole. 

Designing a building involves far moie than planning an 
attractive shape and exterior. Buildings must also be func- 
tional, safe, and economical, and must suit the needs of the 
people who use them. Architects take all of these things 
into consideration when they design buildings. 




Architects and architectural 
andciv'i engineers are con- 
cerned iv///? the planning and 
design o i new buildings 
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Landscape architects plan the best use of land areas for 
such projects as parks, airports, golf courses, highways, 
shopping malls, and housing developments. They use trees 
and shrubs to create a pleasant environment, and design 
walkways and lighting. They advise on potential land uses, 
analyze natural features of a site, and work with other archi- 
tects to harmonize buildings with their surroundings. 

Architects provide a wide variety of professional services to 
individuals and organizations planning a building project. 
They are involved in all phases of development, from the 
initial discussion of general ideas with the client through 
construction. Their duties require a variety of skills — 
design, engineering, managerial, and supervisory. On large 
projects or in large architectural firms, architects often spe- 
cialize in one phase of the work, such as design or adminis- 
tering construction contracts. This often requires working 
with others such as engineers, urban planners, interior 
designers, and landscape architects. 

During the past decade, the growth of the human popula- 
tion has reached gigantic proportions and is expected to 
reach six billion by the year 2000. Such indices suggest that 
the need for architects will expand accordingly to plan and 
design housing for this populace. 

Architectural designs have changed to meet today s 
expanding societal needs. Environmental conditions such 
as air pollution, acid rain, and water pollution have influ- 
enced our society and produced a new genre in architec- 
tural design. Buildings must be designed to withstand 
natural hazards such as wind storms and earthquakes. New 
concepts in building materials and health considerations 
will greatly influence future building designs. Fortunately, 
the innovative stance of the schools of architecture and 
engineering, and of city planners, appear equal to the 
challenge. 



Specific Description 

The architect and client first discuss the purposes, require- 
ments, and cost of a project. Based on the discussions, the 
architect writes a report specifying the requirements the 
design must meet. The architect then prepares carefully 
scaled drawings presenting ideas for meeting the client's 
needs. 

After the initial proposals are discussed and accepted, the 
architect develops final construction documents that incor- 
porate changes required by the client. These documents 
show the floor plans, elevations, building section, and other 
construction details. Accompanying these are drawings of 
the structural system, air-conditioning, heating and ventilat- 
ing systems, electrical systems, plumbing, and landscape 
plans. Architects also specify the building materials and. in 
some cases, the interior furnishings. In developing designs, 
architects follow building codes, zoning laws, fire regula- 
tions and other ordinances, such as those that require easy 
access by handicapped persons. They also work with struc- 
tural, civil, and other engineers as required to assure an 
adequate design. 

Throughout the planning stage, the architect may make 
changes to satisfy the client, who may decide that the 
design is too expensive or may propose additions to the 
original plan. The architect may also assist the client in 
obtaining bids, selecting a contractor, and negotiating the 
construction contract. As construction proceeds, the archi- 
tect visits the building site to ensure that the contractor is 
following the design using the specified materials, and that 
the quality of work meets the specified standards. The job is 
not complete until all construction is finished, required tests 
are made, and construction costs are paid. 
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Academic Curriculum and Career 
Opportunities 

A typical college architecture program includes courses in 
architectural history and theory, design, giaphics. engineer- 
ing and urban planning, as well as mathematics, physics, 
economics, computer science. English, and the humanities. 
In 1985. the National Architectural Accrediting Board had 
accredited the programs of 92 schools offering profession- 
al degrees in architecture. Most of these schools offer 
either a five-year curriculum leading to a Bachelor of 
Architecture degree or a six-year curriculum leading to a 
Master of Architecture degree. Students may also transfer 
to professional degree programs after completing a two- 
year junior or community college program in architecture. 
Many architecture schools also offer graduate education for 
those who already have a first professional degree. 
Although such graduate education is not essential for prac- 
ticing architects, it is desirable for those engaged in spe- 
cialties or in research and teaching. 

All states and the District of Columbia require individuals to 
be registered (licensed) before they may call themselves 
architects or contract for providing architectural services. 
To qualify for the registration examination, a person must 
generally have at least a Bachelor of Architecture degree 
from a program accredited by the National Architectural 
Accrediting Board and three years of acceptable experience 
in an architect's office. In many states, the experience must 
be in the Intern Architect Development Program, an 
apprenticeship program for architects. As a substitute for 
the professional degree in architecture, a few states still 
accept other combinations of formal education and experi- 
ence (usually much more than three years) for admission 
to the registration examination, but this route to a license is 
rapidly being eliminated. Many architectural school gradu- 
ates work in the field even though they are not registered. 
However, a registered architect is required to take legal 
responsibility for all work. 



Students planning a career in architecture should have 
some artistic ability, at least to the extent of being able to 
make reasonable freehand sketches. They should have a 
capacity for solving technical problems and should be able 
to work independently. They also must be prepared to work 
in a competitive environment where leadership and ability 
to work with others are important. Flexibility and patience 
are needed when clients reject plans or request changes 
after final plans are developed. Students who work for 
architects, engineers, or building contractors during sum- 
mer vacations can gain useful experience. 

New graduates usually begin in architectural firms where 
they prepare architectural drawings and make models of 
structures under the direction of a registered architect. They 
may also design, administer construction contracts, do 
research on building codes and materials, or write specifi- 
cations for building materials, methods of installation, qual- 
ity of finishes, and other related details. Graduates with 
degrees in architecture also enter other reiated fields such 
as graphic, interior, or industrial design, urban planning, 
civil engineering, or construction. 

In large firms, architects may advance to supervisory or 
managerial positions. Some architects become partners in 
established firms. Often, however, the architect's ultimate 
goal is to own a firm. 
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This chapter presents examples of profes- 
sionals in technical occupations who have 
achieved high standing in their fields. You 
should view these examples as encouragement 
to take the proper steps so that you, too, can 
attain career goals in technical fields and per- 
haps make similar outstanding contributions to 
society. In these examples, note that the com- 
mon feature of all of these outstanding profes- 
sionals was their willingness to study and work 
hard, and their persistence in pursuing their 
goals despite obstacles such as lack of money to 
pay for education, discrimination, strong compe- 
tition, and difficulty of the course work or occu- 
pation. 

The people cited as examples were selected 
from currently living and active scientists and 
engineers; however. African Americans, 
Hispanics, and Native Americans have made sig- 
nificant contributions to technical fields through- 
out our nation's history. Pioneers of these fields 
who are no longer living, such as Elijah McCoy. 
Granville Woods, and George Washington 
Carver, are discussed in other publications, 
some of which are listed in the Bibliography. 



Dr. Thomas M. Alcoze 

Zoologist 

For the past three years. Dr. Alcoze has been Director of 
the Center for Native Education and Cultural Diversity at the 
Center of Excellence in Education. Northern Arizona 
University. As director, he is responsible for development 
of teacher certification programs for Native American and 
other culturally diverse students. Development of culture 
based science and mathematics curriculum using environ- 
mental science as a focus. He is also adjunct professor for 
the School of Forestry. 

Prior to working at the University of Northern Arizona. 
Dr. Alcoze was Associate Professor of Native Studies at the 
University of Sudbury in Ontario. Canada. He was responsi- 
ble for establishing a Native Studies department and Native 
School of Social work. 

Dr. Alcoze has published many publications over the 
past 20 years with his most recent being. "Multiculturaiism 
in Mathematics, Science, and Technology: Readings and 
Activities." Dr. Alcoze is currently working on several 
research projects, including Resource Conservation Among 
Indigenous Nations, which is an examination of contempo- 
rary science and ecology. 

Dr. Alcoze received a bachelor's degree in Biology and a 
master's degree in Environmental Biology from the 
University of North Texas in 1969 and 1972. respectively. 
Dr. Alcoze completed a doctorate degree in Zoology from 
Michigan State University in 1981. 
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Dr. Javier J. Bautista 

Physicist 

Dr. Bautista is the Supervisor of the Advanced Cryo- 
electronics Group and Research Technology Objectives and 
Plans Manager of Radio Systems Development for the 
Advanced Systems Program at the Jet Propulsion 
Laboratory in Pasadena. California. His group is responsi- 
ble for the improvement of the earth-based receiving ele- 
ments of the spacecraft-to-earth communications link to 
meet the future navigation, telemetry and science needs of 
the Deep Space Network. This includes the development of 
ultra-low noise cryogenically-cooled microwave amplifiers, 
masers. and superconducting devices. 

Since joining the Jet Propulsion Laboratory in 1981 . 
Dr Bautista has been directly involved in the evaluation of 
high critical temperature superconducting materials and 
development of ultra-low loss microwave filters and slow- 
wave maser structures. 

Prior to working at the Jet Propulsion Laboratory. 
Dr. Bautista was a Senior Engineer at Texas Instruments. 
He set up the first production prototype Fourier Transform 
infraied Spectrometer (FTiR) for the characterization of 
electronic grade silicon. He also developed a program to 
correlate FTIR data with other silicon characterization tech- 
niques. 

In 1971 . Dr. Bautista graduated from St. Mary's 
' University in San Antonio. Texas with a bachelor's degree in 
physics. In 1974 and 1979. he received a master's degree 
and doctorate in Physics from Michigan State University, 
respectively. 



Col. GuionS. Bluford, Jr., Ph.D. 

Aeiospjce Engineer and Formet NASA Astronaut 

Guion S. Bluford. Jr.. was the first African American to 
fly in space, aboard the eighth flight of NASA's Space 
Shuttle (STS-8) in August 1983. He participated in this five- 
astronaut flight crew as a Mission Specialist. He is a 
Colonel in the U.S. Air Force. He was selected as a Mission 
Specialist Astronaut by NASA in 1978. 

Guion S. Bluford. Jr.. was born in Philadelphia. 
Pennsylvania. He earned a B.S. degree in Aerospace 
Engineering from Pennsylvania State University in 1964. He 
joined the Air Force and attended pilot training at Williams 
Air Force Base in Arizona and received his pilot's wings in 
January 1965. He then went to F-4C combat crew training 
in Arizona and Florida and was assigned to the 557th 
Tactical Fighter Squadron in Cam Ranh Bay. Vietnam. He 
flew 144 combat missions. 65 over North Vietnam. 

In July 1967. he was assigned to the 3630th Flying 
Training Wing at Sheppard Air Force Base in Texas, as a 
T-38A instructor pilot. He served as a standardization/ 
evaluation officer and as an assistant flight commander. In 
early 1971. he attended Squadron Officers School and 
returned as an executive support officer to the Deputy 
Commander of Operations and as School Secretary for the 
Wing. 

In August 1972. he entered the Air Force Institute of 
Technology residency school at Wright-Patterson Air Force 
Base in Ohio. In 1974 he received an M.S. degree with dis- 
tinction in aerospace engineering, after which he was 
assigned to the Air Force Flight Dynamics Laboratory at 
Wright-Patterson as a Staff Development Engineer. He 
served as Deputy for Advanced Concepts for the 
Aeromechanics Division and as Branch Chief of the 
Aerodynamics and Airframe Branch in the Laboratory. He 
received a Ph.D. degree in Aerospace Engineering, with a 
minor in Laser Physics, from the Air Force Institute of 
Technology in 1978. and a master's degree in Business 
Administration from the University of Houston. Clear Lake 
in 1987. 
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In 1978. Bluford was one or a group of 35 astronaut 
candidates selected by NASA, which included Dr. Ronald E. 
McNair and Col. Frederick D. Gregory. He. with McNair. was 
one of the 20 Mission Specialist selectees from this group 
(the other 15 were Pilot Astronaut selectees). He was sub- 
sequently appointed to the flight crew of the STS-8 mission. 

The eighth mission of the Space Shuttle, the fourth fully 
operational flight, was launched on August 30. 1 983. It was 
the first night launch of the Shuttle program. It returned 
September 6. 1983. landing at Edwards Air Force Base in 
California, also at night (also the first night landing). During 
the mission, the crew deployed a communications satellite 
and conducted numerous other experiments. Bluford. as 
Mission Specialist, participated in these experiments and in 
the operation and monitoring of the Shuttle flight systems. 
He later flew as Mission Specialist on the German Spacelab 
D-l Shuttle mission (STS-61A). launched in October 1985. 
He flew as Mission Specialist on STS-39. a Department of 
Defense (OoD) Shuttle mission launched April 28. 1 991 . 
which conducted a wide variety of basic and DoD-applica- 
tions research experiments. His most recent flight was as a 
mission specialist on STS-53. a Department of Defense 
Shuttle flight. This mission was launched December 2. 
1992. 

Dr. Bluford is the recipient of many awards, including 
the National Society of Black Engineers Distinguished 
Scientist Award (1979). and the National Technical 
Association President s Special Award, which was present- 
ed to him at the 1982 NTA Convention in Baltimore. He was 
selected as Black Engineer of the Year in February 1991 . 

Dr. Bluford resigned from NASA in June 1993. 




Or GuionS Bluford. Jr (Colonel 
USAF) Asl'CWi* and V< k/m- 



Dr. Jewel Plummer Cobb 

Cell Biologist 

Solving some of the mysteries of cancer has been the 
life's work of Dr. Jewel Plummer Cobb, a cell biologist. Her 
research has focused on mechanisms controlling the differ- 
entiation and growth of malignant pigment cells. 

Understanding how cancerous cells develop is one way 
of obtaining better ideas for ways to treat cancer. Her 
research has been funded by the National Institute of 
Cancer and the American Cancer Society. 

Combining her research interest, classroom instruction 
in biology and zoology, and outstanding performance. Dr. 
Cobb advanced steadily through the academic ranks. After 
graduating from Talladega College, she received a master's 
degree and Ph.D. degree from New York University. From 
instructor of anatomy at the University of Illinois Medical 
School to assistant professor of research surgery at the 
Post Graduate Medical School at New York University, and 
later professor of biology at Sarah Lawrence College, she 
advanced her career. She moved to Connecticut College as 
dean of the college and professor of zoology. She held a 
similar position at Douglass Coliege. Rutgers University, 
until she became president of California State University in 
1981 . Her career is a model of success. Despite the 
demanding position. Dr. Cobb found the time to develop her 
professional skills while fulfilling her roie as a loving and 
caring mother. 

c or excellence in the field of education and cell biology, 
she has been recognized by her peers and appointed to the 
Boards of the National Institute of Medicine and the 
American Council on Education. She is a fellow of the New 
York Academy of Science. Honorary degrees have also been 
conferred upon her: Wheaton College in Massachusetts 
conferred the Law Letters Doctorate. Lowell Technology 
Institute conferred a Doctorate of Science, and 17 other 
inst'tutions did likewise. 
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Dr. Frank Crossley 

Mewiurg»st 

Dr. Frank Crossley. a distinguished metallurgical engi- 
neer, earned the first doctorate ever given by the Illinois 
Institute of Technology in metallurgy. As a senior research 
scientist at Lockheed, he developed a metal alloy called 
transage. Transage is a titanium alloy, much lighter than 
steel but six times as strong, and is corrosion resistant. 
Most recently, he was the technical principal investigator 
for materials and processes at Aerojet Propulsion Division 
from which he retired in 1991. His responsibilities included 
assuring the quality of materials and processes in manufac- 
tured items. In October 1990 Aerojet awarded him the R.B. 
Young Award, a S3.000 gift, in the area of quality and man- 
ufacturing. He competed against quality managers through- 
out the various divisions of Aerojet Corporation. 

Dr. Crossley is privately involved in making transage. 
the supermetal he developed almost 20 years ago. a com- 
mercial success. It was once thought to be too expensive to 
use in consumer products other than in the chemical indus- 
try and the Lockheed L-101 1 jumbo jets flown by TWA. 
Delta. Japan Air Lines, and other commercial carriers: and 
in desalination plants converting sea water to potable water. 
Although it would be possible to make a super-strong, 
lightweight automobile with it. the cost would be prohibitive 
to buyers. However, there is now a hope of developing 
transage into a widely used commercial product by using it 
to make dental prostheses such as bridges and braces. 
Commercial production on a large scale would also reduce 
the cost of other possible applications. 

Crossley 's undergraduate education was actually 
obtained through a Navy training program. His college stud- 
ies were interrupted by World War II. The Navy program 
was an accelerated one because of the wartime crisis. 
Crossley completed his B S. degree in only 2 V2 years. He 
decided in high school to study chemical engineering, but 
later switched to metallurgy. He feit that metallurgy could 
be better used to explain cause and effect. Besides, earlier 
he had decided against a career in art. and the study of the 
structure of metals helped him to recapture that interest 
because under a microscope, metals appear io Crossley 
much like abstract art. 

When Dr. Crossley was at Lockheed, he managed a staff 
of 60 charged with achieving the least cost for manufac- 
tured articles consistent with weight and structural require- 
ments and reliability establishing specifications for 
materials and processes, and working with the Navy on the 
maintenance and repair of equipment and hardware 
returned from service. 
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Dr. Meredith Gourdine 

Physicist and Energy Systems Engines! 

Rediscoverer of an 18th-century energy conversion 
method. Dr. Meredith Gourdine has developed bold new 
ideas in the field of electrogasdynamics (EGD). 
Electrogasdynamics is a process concerned with the inter- 
action of charged particles with a moving gas stream. 
Through this interaction, very high voltage can be produced 
from a low voltage originally generated. The phenomenon 
has been known to scientists since the late 1700s. The trou- 
ble was that no one could figure out how to harness the 
principle to generate enough electricity to make it practical, 
especially for modern needs. 

After graduating from Cornell University. Meredith 
Gourdine pursued a Ph.D. degree in Engineering Science at 
California Institute of Technology. Unlike most of his class- 
mates. Gourdine was not content to build a career with a 
long established firm. He worked for the Aeronautical 
Division of Curtiss-Wright Corp. until he developed an inter- 
est in electrogasdynamics. His employer was not interested 
in the EGD generator that he developed. So. he decided to 
take a chance and start his own company. Gourdine 
Systems. Inc. (now Energy Innovations. Inc.). after raising 
$200,000. Initially, his laboratory was in his garage with a 
staff of one. Today, it is a multimillion dollar corporation 
with an impressive staff of engineers. Gourdine Systems 
has developed a number of products and processes based 
on the use of EGD technology. The Gourdine EGD concept 
has been applied to four major areas: energy conservation, 
paint spraying systems, air pollution control, and painting. 
The technique Gourdine developed may be used for refrig- 
eration for preserving foods, supplying cheap power to heat 
and light homes, burning coal more efficiently, making sea 
water drinkable by taking the salt out of it. making painting 
and coating processes easier, and reducing the amount of 
pollutants in smoke. It has been applied to non-contact 
printing processes. Methods for controling industrial, resi- 
dential, automotive, and diese! exhaust into the atmosphere 
have been developed as well. More than 20 systems and 
processes have been patented in the United States, 
thioughout Europe, and in Japan and Canada. 

One of the advantages of the Gourdine systems is that 
they can do a more effective job than other conventional 
s/stems. at a much lower cost for installation and operation 
because of their small size and low voltage power supply 
requirements. Gourdines bold ideas are changing the world 
and making work and everyday living easier and healthier. 
Dr. Gourdine is now blind but in spite of this, he continues 
to pioneer the advancement of electrogasdynamics 



Dr. Frank Greene 

Eiectncai Engineer 



David Hedgley, Jr. 

Mathematician 



Dr. Frank Greene is currently a director of Networked 
Picture Systems. Inc.. and has held the position of 
President from August 1989 until January 1991 . Networked 
Picture Systems sells computer systems for color printing 
and image retouching. The company's software and hard- 
ware emphasize high-quality printed color and creative 
design. 

Dr. Greene founded Technology Development 
Corporation (TDC) in 1971 . TDC specialized in software and 
services for scientific applications and electronic testing. 
The name was changed to ZeroOne Systems. Inc.. in 1985. 
when a segment of Technology Development Corporation 
was spun off and taken public using that name. In 1987. 
ZeroOne was sold to Sterling Software and Dr. Greene con- 
tinued as a group president until 1989. Dr. Greene is now a 
director of the new Technology Development Corporation in 
Arlington. Texas, as weli as a director and president of 
Networked Picture Systems in Santa Clara. California. 

Dr. Greene was a development engineer and project 
manager with Fairchild Camera and Instrument Co, from 
1965 to 1971. His responsibilities included magnetic and 
semiconductor memory system design and project man- 
agement for the llliac IV 
memory system. From 
1961 to 1965 he was an 
electronics officer in the 
U.S. Air Force, where he 
earned the rank of 
Captain. 

Dr. Greene's educa- 
tion and experience in 
electrical engineering 
and business has 
enabled him to corner a 
unique market in sys- 
tem development. He 
received his B.S. in 
electrical engineering 
from Washington University, his M.S.E.E. from Purdue 
University, and his Ph D.E.E. from the University of Santa 
Clara. He is currently a member of the Board of Trustees of 
Santa Clara University. He has authored or co-authored ten 
technical papers and two books and holds a patent on "the 
uses of faculty circuits in position coding." Dr. Greene 
entered the computer software business when it was just a 
budding enterprise 




Or Frank Greene. 
Electrical Engineer 



David Hedglev is a senior mathematician/programmer 
with the NASA Ames-Dryclen Flight Research Facility in 
Edwards. California. He has spent more than 20 years with 
NASA working on projects involving systems development 
and analysis. His mathematical abilities have been demon- 
strated in conceptional development and application of 
mathematical methodology capable of resolving complex 
state-of-the-art problems, analytical techniques to advance 
the systems disciplines, and criteria to enable projects to 
end with the desired results. His record of achievements 
includes the formulation of higher mathematical applica- 
tions in solving flight research problems, data reduction of 
aerodynamic data and experimental phenomena, and 
numerous innovations in software packaging. His most 
widely recognized achievement is a proven solution to the 
"hidden-line problem." which is applicable for use on any 
computer in a real-time environment. 

In his position as a NASA mathematician. Mr. Hedgley 
serves as a specialist in the planning and execution of 
major projects requiring the development of mathematical 
approaches, formulation of mathematical models into forms 
amenable to solution by modern computers, and design of 
systems requirements for maximum reliability in aerody- 
namic data reduction. He performs the analysis and devel- 
ops solutions to flight research problems that are 
complicated by numerous variables and parameters. He 
also provides consultation and advisory services to 
research engineers, data analysts, and management. 

The projects he has worked on include development of a 
mathematical formula that simulates an electronic filter for 
use on an IBM mainframe computer in support of the lifting 
bodies project, solution to the radiation heat transfer prob- 
lem as it relates to structures, solution tc the classical 
hidden-line problem in graphics, solution to the classical 
silhouette problem, development of the "Real-Time 
Operations Executive" for a navigation strap-clown system 
of an airborne computer, and solution to the printer-circuit 
board problem. 
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Mr. Hedgiey received his B.S. in biology and chemisiry 
from Virginia Union and his M.S. in mathematics from 
California State University. In addition to his work at NASA, 
he has taught statistics at the Antelope Valley Community 
College in California. 

The accomplishments of Mr. Hedgiey have not gone 
unnoticed. He was a member of the Beta Kappa Chi 
Honorary Society during college and was honored for his 
sustained superior performance at NASA. He received the 
Best (Scientific) Paper of the Year Award in 1976. the 
national Julian Allen Award in 1984. the National Space Act 
Award (the highest monetary award ever given to a NASA 
Ames-Dryden employee) in 1984. the Exceptional 
Engineering Award in 1983. the Sustained Superior Award 
in 1983. a Quality Increase for Superior Achievement in 
1 982. and was selected for inclusion in the Book of 
Distinguished Americans in 1985. 



Dr Shu ley 4 Xwksnn. Physicist 



ERIC 



74 



Dr. Shirley A. Jackson 

Theoretical Physicist 

Shirley A. Jackson, a theoretical physicist at AT&T Bell 
Laboratories in Murray Hill. New Jersey, was the first 
African American woman to earn a Ph.D. from the 
Massachusetts Institute of Technology (MIT). Or. Jackson, 
a native of Washington. D.C.. received the B.S. degree in 
physics from MIT in 1968 and ihe Ph.D. in theoretical parti- 
cle physics from MIT in 1973. During her student years at 
MIT. she did volunteer work at Boston City Hospital and 
tutoring at the Roxbury (Boston) YMCA After earning her 
doctorate, she was a research associate at the Fermi 
National Accelerator Laboratoiy in Batavia. Illinois (1973-74 
and 1 975-76). and a visiting scientist at the European 
Center for Nuclear Research (1974-75). where she worked 
on theories of strongly interacting elementary particles: 
Since 1976. Dr. Jackson has been at AT&T Bell 
Laboratories, where she has done research on various sub- 
jects including charge density waves in layered compounds, 
polaronic aspects of electrons on the surface of liquid heli- 
um fiims. and most recently, optical and electronic proper- 
ties of semiconductor strained layer superiattices. In 1986. 
she was elected a Fellow of the American Physical Society 
for her research accomplishments. In 1991. she received an 
honorary Doctorate of Science from Bloomfield College. 
New Jersey and was also elected a Fellow of the American 
Academy of Arts and Sciences. 

Dr. Jackson studied in Colorado. Sicily, and France, 
taught at MIT. and has lectured at several institutes. She 
has received numerous scholarships, fellowships, grants. 

and awards. She is a member of the 
American Physical Society, a past presi- 
dent of the National Society of Black 
Physicists, and a member of several 
other professional societies. 

In 1985. New Jersey Governor 
Thomas Kean appointed Dr Jackson to 
the New Jersey Commission on Science 
and Technology. She was reappointed 
for a five-year term in 1 989. She has 
also served on committees of the 
National Academy of Sciences. American 
Association for the Advancement of 
Science, and the National Science 
Foundation, promoting science and 
research and women's roles in these fields. Dr. Jackson is a 
trustee of MIT. Rutgers University. Lincoln University 
(Pennsylvania), and the Barnes Foundation. She has been a 
vice president of the MIT Alumni Association and is on 
three MIT visiting committees Physics. Electrical 
Engineering and Computer Science and the Sloan School 
of Management. 
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Jerry T. Jones 

Electronics Engineer 3nd Manuteetuter 

Determination and a dream made the multimiilion dollar 
corporation. Sonicraft. a reality for its president Jerry 
Jones. He developed a basement operation into one that 
has its headquarters in Chicago and offices in Boston and in 
Washington. D.C.. and which employs more than 200 peo- 
ple. The makings of that dream were first sparked at the age 
of four when Jones' father bought him a radio when he was 
still living in Sledge, Mississippi. He became fascinated with 
electricity and nurtured that interest until he became his 
Chicago neighbors' favorite radio repairman bv the age 
of 13. 

His technical Interests were formally pursued at Illinois 
Institute of Technology in Chicago, wnere he earned a 
degree in physics. Although one of his high school teachers 
told him that he would never become a successful engineer, 
he didn't listen. To help support himself through college, he 
made customized high-fidelity equipment. He conducted 
research at the Institute for 10 years; however, he always 
had a business eye and decided to launch his own business 
interests with $1 .000 in capital. The fledgling company 
started in his basement. His first major contract was with 
the Navy, making loudspeakers 

Through the years. Sonicraft grew as its contracts with 
various military branches and Federal Aviation companies 
increased. After 15 years in business, the reliability and 
quality of the products produced by Sonicraft led to the 
signing of a $268 million contract with the Air Force in 
1982. Sonicraft agreed to design and manufacture very low 
frequency receivers that will operate even after exposure to 
X-rays and gamma radiation from a nuclear attack. The 
agreement is a multiphase operation that ran through 1989. 

Jones — the major shareholder in Sonicraft — set the 
goal to make it a billion-dollar company by the early 1 990s. 
putting his company in the league wiih the Fortune 500s. 
Although the company's basic work involved manufactur- 
ing, in the future it will seek to increase its research and 
development capability and strive to make yet another 
dream come true. 



Emma Littleton 

Electrical Engineer 

Fresh out of high school. Emma Littleton had one clear 
goal in mind — to become a top-notch secretary. 

She started as an enthusiastic and inquisitive junior 
clerk at Indian Hill Laboratory in Naperville, Illinois, and 
soon was promoted to a secretarial job. The technical work 
going on around her was intriguing, and after learning 
about the work in her department — the development of an 
expanded and improved telephone switching system called 
No. 4 ESS — she decided that she wanted to become an 
electrical engineer. Technical staff were impressed by her 
enthusiasm and obvious aptitude to grasp technical 
information. 

With encouragement, she enrolled in Tennessee State 
University, a traditionally African American engineering 
school, where she excelled. She earned an engineering 
degree with top honors and a cumulative grade point aver- 
age of 3.8. During her summer vacations she continued to 
work at Indian Hill, but in a technical capacity. A Bell Labs 
staff member was her senior project advisor. He was on 
leave from his regular work assignment and teaching at 
Tennessee State University. Today Ms. Littleton is a full- 
time member or Bel! Labs' professional staff. Her career in 
engineering had been delayed four years because she ini- 
tially decided to be a secretary (because that was the only 
thing she knew). In time, she grew restless and a bit dissat- 
isfied. That led her to her real career choice. 

Bell Labs was so enthusiastic that they selected her to 
study for a year under the Bell Labs Graduate Studies 
Program, which permits promising staff members to work 
for an advanced degree in their specialty with full tuition 
and expenses underwritten by the company. 

Ms. Littleton's career was successfully launched after 
receiving the right exposure to career opportunities and the 
right counseling, which she should have received in high 
school. Fortunately, engineers at Indian Hill and staff at 
Tennessee State University were able to help her realize her 
full potential. 
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Dr. Walter E Massey 
Physicist 



ERiC 



Dr. Walter Massey 

Theoretical Physicist and forme' Di'ecLv 
National Science Foundation 



Dr. Walter Massey was appointed as Director of the 
National Science Foundation by President George Bush in 
1990. a position he held until January 1993. His position 
prior to that appointment was Vice President of the 
University of Chicago for Research and for Argonne 
National Laboratory. He served as President of the 
American Association for the Advancement of Science 
(AAAS). the world's largest association of professional sci- 
entists, in 1989. He was elected President of the American 
Physical Society in 1 990. He also serves on the Physics 
Advisory Committee of the National Science Foundation, the 
National Academy of Sciences Advisory Committee on 
Eastern Europe and the forme, - USSR, and the Board of 
Directors of AAAS. 

In 1 979. at the age of 41 . Dr. Massey became Director 
of Argonne National Laboratory (ANL) in Argonne. Illinois 
(25 miles southwest of Chicago), which is operated by the 
University of Chicago. ANL is one of the nation's top energy 
research laboratories. In addition to its main site near 
Chicago, there is the Idaho Engineering Laboratory near 
Idaho Falls. ANL employed 2.000 scientists and engineers 
among its more than 5.000 employees while Dr. Massey 
was Director. ANL operates seven experimental nuclear 
reactors, including the nation's first nuclear breeder reactor 
which started producing electricity at ANL's site in Idaho 
Falls. Although nuclear energy is a primary function of the 
Laboratory, other energy sources researched at ANL 
include perfecting battery powered automobiles, making 
synthetic fuels, and better utilizing solar energy. 

Dr. Massey has a long association with the University of 
Chicago. He first joined the faculty in 1968 after his gradu- 
ate studies. When he was first appointed Director of ANL. 
he was also appointed Professor of Physics at the 
University. Prior to becoming Director. Dr. Massey was at 
Brown University where he was first an associate professor 
of physics and later appointed Dean of the College. 

A native of Hattiesburg. Mississippi. Dr. Massey entered 
college from the 10th grade. He is a Morehouse College 
graduate with a B.S. degree in physics and mathematics 
and received his master's degree and doctorate in physics 
from Washington University in St. Louis. Missouri. He was 
a postdoctoral appointee at Argonne from 1 966 to 1 968 and 
a consultant there from 1 968 to 1 975. His research interest 
was in the theory ot strongly interacting systems of many 
particles, with particular emphasis on low temperature 
properties of quantum liquids and solids. 

Dr. Massey was recently appointed Senior Vice 
President and provost of the University of California. 



Dr. Warren Miller 

Nuclear Engineer 

Dr. Warren Miller developed an interest in mathematics 
and science in grade school and high school. A West Point 
graduate, he has a B.S. degree in Engineering Sciences with 
an area of interest in nuclear engineering and nuclear reac- 
tor theory. He obtained the master's and Ph.D. degrees 
from Northwestern University in nuclear engineering. 

Dr. Miller currently has a joint appointment as an 
Associate Director at Los Alamos National Laboratory and 
as a Dardee Professor (endowed chair) in the Nuclear 
Engineering Department at the University of California. 
Berkeley. 

Los Alamos National Laboratory is one of the largest 
research laboratories under contract to the U.S. Department 
of Energy. Prior to joining the technical management staff 
at Los Alamos, he was a Group Leader for the Transport 
and Reactor Theory Group, in the Theoretical Division of the 
Laboratory. His research interests include neutral and 
charged particle transport theory, fluid dynamics, radioac- 
tive waste management, and radiation shielding. Concurrent 
with his position at Los Alamos, he serves as a consultant 
to Sargent and Lundy. and to Argonne National Laboratory. 

He has published numerous papers and excelled in the 
area of computer solutions to partial differential equations, 
specifically, solutions to the neutron transport equation. He 
was invited to coauthor a book entitled Computational 
Methods in Neutron Transport Theory, which will be pub- 
lished by Wiley Interscience. His work has led to the devel- 
opment of a general theory that allows a comparison of all 
methods suggested for accelerating the iterative processes 
used in neutron transport compute: codes. This theory 
makes it possible for new methods to be developed and 
compared with existing schemes. 

In addition to his research interests. Miller enjoys teach- 
ing and has served as a visiting professor of nuclear engi- 
neering at Howard University. He also developed and taught 
a course at Northwestern entitled "Science. Technology, 
and the Black Experience." One of the stated objectives of 
the course was to promote thinking in aspiring scientists 
and engineers toward application of their skills to the devel- 
opment of African American communities at home and 
abroad. 
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Cordell Reed 

Mecfij'W Engineer 

Although a mechanical engineer by college education. 
Mr. Cordell Reed has become a nuclear expert and Senior 
Vice President of Nuclear Operations at Commonwealth 
Edison of Chicago, through work experience and on-the-job 
schooling. He started as an engineer at one of Edison's 
coal-fired generating stations. After seven years, he 
switched to a nuclear-powered station. Commonwealth 
Edison decided to invest in the highly motivated Reed and 
spent approximately S1 00.000 to provide him a background 
in reactor physics, health physics, and nuclear engineering. 

Mr. Reed knows the business inside and out. He has 
been involved in various aspects of work at nuclear power 
stations, namely design, construction, and operations. It is 
second nature to him. although engineering was very for- 
eign to him while growing up on Chicago's South Side. The 
decision to study mechanical engineering at the University 
of Chicago began the change. Now. with ease, he evaluates 
the proposals, generates the specifications, and purchases 
reactors, turbine generators, and other equipment with 
Commonwealth Edison's multi-billion-dollar budget. He has 
the final word on top-level decisions concerning six nuclear 
power plants. 

Reed is definitely a pro-nuclear advocate. He has con- 
cluded from first-hand experience that the nuclear industry 
is safe and that nuclear energy is critical for the United 
States to meet its energy demands. Often, he finds himself 
presenting the facts to the public and embroiled in debates 
over nuclear safety. According to Reed. "Without nuclear 
power, there will be a shortage of energy which will drasti- 
cally increase unemployment." Having known the miseries 
of low income and poverty. Mr. Reed can appreciate the 
negative impact that a devastating energy crisis could have 
on low-income families. 



Dr. John B. Slaughter 

Preset. Occ tenij; C^iege 3W 'wfl-v; 



Dr. John Brooks Slaughter received his academic train- 
ing in electrical engineering and engineering physics, and 
his research specialty is in the field of digital control sys- 
tems theory and applications. Although he began his career 
as an electronics engineer in industry and later in govern- 
ment, he i.as always been a part of the academic communi- 
ty. Throughout his career, he has been active in national 
efforts to involve minorities in engineering and science. 

Dr. Slaughter is currently President of Occidental 
College in Los Angeles. California, a post to which he was 
appointed in 1 988. Prior to that, he served as Chancellor of 
the University of Maryland from 1982 to 1988. 

Dr. Slaughter served as Director of the National Science 
Foundation from 1980 to 1982, a post he was nominated 
for by President Jimmy Carter. The National Science 
Foundation is the major U.S. government agency that sup- 
ports basic research in the physical and life sciences. NSF 
also supports science education and applied sciences and 
is in charge of several major laboratories, such as the 
National Optical and Radio Astronomy Observatories 
Dr. Slaughter served an earlier tour of duty at NSF, also at 
the request of President Carter, as Assistant Director of 
Astronomical. Atmospheric, Earth, and Ocean Sciences 
from 1977 to 1979, In this position. Dr. Slaughter was 
responsible for five NSF divisions — Earth Sciences. Ocean 
Sciences. Astronomical Sciences. Atmospheric Sciences, 
and Polar Programs.' 

In 1979. between his two appointments at NSF. 
Dr. Slaughter was Academic Vice President and Provost of 
Washington State University in Pullman, Washington. 

Before going to NSF in 1 977. Dr. Slaughter was Director 
of the Applied Physics Laboratory and Professor in the 
Department of Electrical Engineering at the University of 
Washington at Seattle. As Laboratory Director since 1 975. 
he was responsible for the direction and management of a 
research and development program in ocean and environ- 
mental sciences and engineering. He initiated new pro- 
grams in energy resource conservation and development, 
geophysics, environmental acoustics, and bioengmeering at 
the Laboratory. Under his direction, the staff of the 
Laboratory, a leader in the fields of underwater acoustics, 
underwater vehicles, and physical oceanography, grew 
from 180 to 240 people. 
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Prior to going to the University of Washington. 
Dr. Slaughter was Head of the Information Systems 
Department of the Naval Electronics Laboratory Center 
(NELC) in San Diego. California. In that capacity, he was 
responsible for the management of a 200-person staff 
engaged in the design and development of Navy command 
and communication systems. Under his direction there, a 
major new emphasis in biomedical engineering was started. 
He was named Scientist of the Year at NELC in 1965. where 
he served from 1960 to 1975. 

Earlier in his career, from 1956 to 1960. Dr. Slaughter 
was employed by the Convair Division of General Dynamics 
Corporation in San Diego where he worked on the develop- 
ment of missile flight instrumentation and telemetry 
equipment. 

Dr. Slaughter was born in Topeka. Kansas, in 1 934 and 
earned a Bachelor of Science degree in electrical engineer- 
ing at Kansas State University in 1956. He earned a Master 
of Science degree at the University of California at Los 
Angeles (UCLA) in 1 951 . He also was awarded a Doctor of 
Philosophy degree in engineering science at the University 
of California at San Diego in 1 971 . 

Dr. Slaughter has written widely in his field and is a 
member of several professional organizations including Eta 
Kappa Nu. the honorary electrical engineering society: Tau 
Beta Pi. the honorary engineering society: and was elected 
to the National Academy of Engineering in 1 982. He has 
been editor of the International Journal of Computers and 
Electrical Engineering since 1977. He is also a Fellow of the 
Institute of Electrical and Electronic Engineers. 

He served from 1968 to 1975 as Director and Vice- 
Chairman of the Board of the San Diego Transit 
Corporation, specializing in policy matters related to transit 
planning and technology. He was a member of the affiliate 
engineering faculty at San Diego State University from 1963 
to 1965 and established graduate courses in discrete and 
optimal control systems. He was appointed to the San 
Diego Chamber of Commerce Energy Task Force in 1974 to 
advise on technological approaches to energy conservation. 

Dr. Slaughter has been active in efforts to encourage 
minorities to pursue careers in science and engineering, 
and he has played a strong role in urging educational insti- 
tutions, industry, and government to take more aggressive 
steps to improve opportunities for minorities in those fields. 
In 1976. he was appointed a member of the National 
Academy of Engineeiing Committee on Minorities in 
Engineering. In 1983 he served as a member of the National 
Science Board Commission on Pre-College Education in 
Mathematics. Science, and Technology. In 1987. the U.S. 
Black Engineer magazine named him its first "Black 
Engineer of the Year." 



Howard Smith 

Computer Research Manager 

Howard Smith is a computer scientist and President of 
Clarity Software. Inc. Mr. Smith and a group of computer 
veterans founded Clarity Software in January 1990 to 
design, develop, and market personal communications soft- 
ware products for UNIX workstation platforms. These per- 
sonal communications products have significant value 
added, both in function and in multimedia docur.. ' tech- 
nologies, and are mail-centered. Clarity's initial pr 1 is 
called CLARITY and is composed of a Compounc 
Document Editor, spreadsheet, , resentation graphics, and 
Advanced Mail components. This product will be followed 
by other personal communications software. 

Previously. Mr. Smith was employed by Hewlett- 
Packard Corporation. Responsible for the development of 
operating systems and process systems units, he super- 
vised 200 employees for Hewlett-Packard's Computer 
Systems Division in Cupertino. California. The development 
of computer equipment is a very competitive and dynamic 
business, and Howard Smith is one o f the managers who 
helped Hewlett-Packard, a leader in computer design, main- 
tain its competitive edge. 

Enthusiastic about his work. Smith considers himself to 
be very people oriented. Some might find this surprising, 
since the computer scientist is often stereotyped by others 
as cold and more oriented to machines than to people. The 
job as a manager requires long hours that must be divided 
between the research aspects and the people performing 
the research. As manager. Mr. Smith must assure that 
ideas are developed within a given budget and completed 
within a specified schedule. Any problem that threatens the 
research project must be resolved by him and the staff 
working in the division. Some of the problems faced are 
technical, but many are more related to business and 
planning 

Mr. Smith is a graduate of Los Angeles State College 
and San Jose State University. He received a bachelors and 
a master's degree in mathematics. He attributes part of his 
career success to enjoying what he does. He says that it is 
important to set both short-range and long-term goals so 
that you can evaluate your progress and redefine your goals 
as necessary. Reaching your goals creates self-confidence, 
another important part of succeeding in an organization. 

Some of Howard's spare time is spent working with high 
school and college students helping them prepare for tech- 
nical careers. He is a member of the advisory board of 
Project Interface in Oakland. California. This program is 
community-based and provides tutorial services and career 
counseling to student participants. 



Dr. Arthur B. C. Walker, Jr. 

Astrophysicist 

Dr. Arthur Walker is a Professor of Applied Physics at 
Stanford University. His research specialties are solar and 
nonsolar X-ray astronomy, concentrating on the study of 
high-temperature, low-density astrophysical plasmas using 
space-borne instrumentation. He has participated in numer- 
ous investigations using sounding rocket and satellite vehi- 
cles. At Stanford. -he developed instruments for obtaining 
very high resolution, highly sensitive images of the solar 
atmosphere at X-ray and extreme-ultraviolet wavelengths, 
using the new technology of multilayer interference reflec- 
tion coatings with i. mal-incidence-reflection optics. These 
instruments were flown on sounding rockets to obtain the 
first high-resolution X-ray images of the Sun using this 
technique. An experiment proposed by Dr. Walker. "Ultra 
High Resolution XUV Spectroheliograph." was selected by 
NASA for development and flight as an attached payload on 
the Space Station Freedom. 

Arthur B. C. Walker. Jr., received his Ph.D. in physics 
from the University of Illinois in 1962. His initial research 
was in nuclear and particle physics. In 1965 he joined the 
Aerospace Corporation and began working in solar physics 
and upper atmosphere physics, specializing in the study of 
solar X-rays. He was Director of the Space Astronomy 
Project at Aerospace Corp. from 1972 to 1974. In 1974. he 
became Associate Professor of Applied Physics at Stanford, 
where he is now Full Professor. Associate Director of the 
Center for Space Science and Astrophysics, and Director of 
the Stanford Student Astronomical Observatory. At 
Stanford, he has also served as Associate Dean of the 
Graduate Division. Chairman of the Astronomy Program, 
and Director of the John Wilcox Solar Observatory. 

In 1986. Dr. Walker was appointed a member of 
President Reagan's commission that investigated the Space 
Shuttle Challenger accident. He has also participated in 
numerous NASA. NSF. and other advisory committees and 
has been active in the NAACP. 
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Dr. William Wiley 

Bacteriologist and Laboratory Director 

Dr. William R. Wiley is director of Battelle's Pacific 
Northwest Division and a Senior Vice President of Battelle 
Memorial Institute — an independent, worldwide, science- 
based organization dedicated to "putting technology to 
work." Battelle is the world's largest not-for-profit research 
organization. 

As the principal Battelle executive in the Northwest, he is 
director of the U.S. Department of Energy's Pacific 
Northwest Laboratory, a multiprogram national laboratory 
operated by Battelle since 1965. 

Dr. Wiley is responsible for Battelle business activities in 
the Northwest, including research, development, and tech- 
nology commercialization at Battelle's research complex in 
Richland, the Marine Sciences Laboratory at Sequim. and 
the Battelle Seattle Research Center. 

A member of the Battelle staff since 1 965. Dr. Wiley 
served as Director of Research at the Richland laboratories 
between 1979 and 1984. Earlier assignments include man- 
agement positions with the Biology Department and the 
Cellular and Molecular Biology research section. 

Dr. Wiley earned a bachelor's degree in chemistry from 
Tougaloo College. Mississippi. Studying under a Rockefeller 
Foundation scholarship, he earned a master's degree in 
microbiology from the University of Illinois-Urbana in 1960. 
His doctorate degree in bacteriology was awarded by 
Washington State University. Pullman, in 1965. 

In addition to his role at Battelle. Dr. Wiley is an associ- 
ate professor of bacteriology at Washington State 
University in Pullman. Washington. He came to the great 
Northwest to find success and prosperity. He wanted the 
opportunity to make a contribution to his discipline. 
Through hard work and dedication to his profession. 
20 years later he has been able to do just that. The many 
years of educational preparation and hard work paid off. 

He has authored numerous publications in his field. His 
research includes microbial metabolism, particularly the 
factors which control intracellular pool formation and mem- 
brane transport of amino acids and sugars in microorgan- 
isms and mammalian cells: development environmental 
engineering: biotechnology: geoscience: and analytical 
chemistry. 

Dr. Wiley has served as a George Washington Carver 
Lecturer at Tuskegee Institute. Alabama, and he lectures at 
African American universities as part of the Black Executive 
Exchange Program. He holds an adjunct faculty appoint- 
ment with Washington State University as an associate pro- 
fessor of microbiology. 

7» 
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hoosing a career requires examining your 
interests, abilities, qualifications, and 
goals and your decision to invest the nec- 
essary time and effort. It also means knowing 
about the requirements, responsibilities, and 
rewards of various careers. It is much too 
important a decision to leave to chance! 
Selecting a satisfying career may seem like an 
overwhelming task, but the selection process 
can be easier through careful planning and 
guidance. 

If you believe that a career in a science, engi- 
neering, or technical field may be in your future, 
begin preparing today. This means developing a 
pian of action. First, analyze your interests, abili- 
ties, and aptitudes. Consider school courses you 
like and dislike. Hobbies, sports, extracurricular 
activities, and your personal characteristics are 
factors to be considered. 

Take a closer look at those fields in which you 
already have some interest. Overviews of scien- 
tific and technical fields are supplied in Chap- 
ter II. However, since it is not possible to give 
more than a brief look at each specialty field, if 
an area such as computer science or nuclear 
engineering appeals to you, here are some sug- 
gested ways to find out more. 

1 . Go to the library and locate books, maga- 
zines, and journals in your subject area. If 
you are currently a high school student, 
many of the more advanced books and jour- 
nals in science and engineering may appear 
very complex. Don't be intimidated; there will 
be plenty of time to learn the terminology and 
the mathematical techniques. Assess your 
interest in the subject matter by reviewing 
books and magazine articles on a variety of 
levels, from the introductory leveic of 
Discover and Scientific American magazines, 
to the intermediate levels of such publica- 
tions as Physics Today and Aerospace 
America, and even to the advanced levels of 
Journal of Chemical Physics or The 
Astrophysical Journal. 

2 Your parents and adult friends can be a great 
help in the development of r\„eer plans, 
especially if they work in fields related to 
those in which vou are interested. Ask ques- 
tions about your parents' careers. Friends of 



your family who are employed in occupations 
related to your field of interest can be helpful 
in your exploration. 

3. Discuss your career goals with your teachers 
and guidance counselor. They can provide 
valuable advice on the best way to achieve 
your goals. They can also help you find litera- 
ture pertaining to careers and information 
about summer and part-time jobs. 

Literature pertaining to careers is usually 
located in the guidance office and the library 
of your school. Publications such as the 
Dictionary of Occupational Titles and the 
Occupational Outlook Handbook and other 
career guidance materials are useful to your 
career search. 

Your guidance counselor can help you 
match your qualifications with appropriate 
career goals. At the beginning of each school 
year, you, your parents, and your counselor 
should review thoroughly your high school 
courses with future educational plans, aspira- 
tions, and tentative career goals in mind. 

4. Request more comprehensive career infor- 
mation from technical organizations associat- 
ed with the specific fields in which you are 
interested, such as those listed in Career 
Opportunities in the Sciences (see Appendix). 
Your counselor can help you locate and 
review these materials. They include 
information about: 

• what a person does on the job 

• what abilities and interests are required 
by the job 

• what types of education and training are 
required 

• what the working conditions are like 

• what future job opportunities are 
predicted to be. 

As you read through this material, match 
your abilities, skills, and interests to the jobs 
that seem appealing. A list of organizations 
and societies that relate to your career inter- 
ests can be obtained through the school 
guidance office. 
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5. Talk to people working in the field in which 
you are interested or people in a closely relat- 
ed field. They can give you first-hand infor- 
mation on what the work is really like; also, 
they can relate their experiences in the col- 
lege educational process. They can also 
advise you on proper work and study habits 
and choice of educational institutions. If pos- 
sible, try to visit their work areas so that you 
can see firsthand the work environment and 
the types of jobs various employees perform. 

6. Request catalogs and other information from 
colleges you might be interested in attending 
well before your senior year of high school. 
Be sure to take note of requirements for 
admission, estimated costs for tuition and 
fees, room and board, etc., and opportunities 
for student financial aid. 

Information about colleges and military 
academies, vocational and technical schools, 
apprenticeship and cooperative education 
programs, and military services may also be 
found in your high school guidance office. 
This information may help you with the 
expenses of education or training beyond 
high school graduation. 

7a. Try to get a summer job o. | art-time job in a 
field related to your interest. Such jobs not 
only provide a source of income, they also 
give you firsthand experience in a scientific 
or technical occupation and allow you to 
observe professional scientists, engineers, 
and technicians at work. Many government 
and industrial organizations offer paid sum- 
mer apprenticeship programs for hign school 
students. Your employers can also offer 
information about their particular jobs and 
related occupations. They can evaluate your 
work performance and the interest you have 
displayed in the job. 

A second, very important step is to take 
all the available high school courses related 
to your potential career goals. As is empha- 
sized throughout this book, professional and 
technical occupations in science and technol- 
ogy require specialized education and train- 
ing bey^.id the high school level. To be 



qualified to apply to these programs and to 
pursue them efficiently once admitted, you 
must be aware of the entrance requirements 
for college curricula in your field of interest 
and acquire the necessary prerequisites while 
in high school. 

The National Technical Association (NTA) 
has, as one of its goals, the encouragement 
and support of minority youth in their pursuit 
of scientific and technical educations and 
eventual careers in these fields. Members of 
NTA are available for consultation on any of 
the above topics. In addition, other profes- 
sional organizations, such as the American 
Association for the Advancement of Science, 
have subgroups concerned with scientific 
and technical education and career advance- 
ment. Some available publications and video- 
tapes are listed in the Appendix. 

The world of scientific and technical 
careers presents many diverse opportunities 
for the prepared person. Therefore, spend the 
years while you are in high school laying a 
good foundation for that world. Take advan- 
tage of every opportunity to get the training 
and experience you will need for your select- 
ed career. Advanced planning will prepare 
you to qualify for a career that is satisfying 
and rewarding. 

7b. Try to participate in a special summer educa- 
tion program that offers some science, math, 
and/or engineering exposure. You may con- 
tact the NASA Education Division, Code FEE, 
Washington. DC 20546, (202) 358-1518; the 
Department of Energy, Office of University 
and Science Education Programs, Code ER- 
80, 1000 Independence Avenue, SW, 
Washington, DC 20585, (202) 586-8949; or 
the Naval Research Laboratory. The Naval 
Research Laboratory offers cooperative edu- 
cation summer and part-time employment to 
students, and also participates in DoD's 
Science and Engineering Apprentice 
Program. For further information, contact 
Naval Research L^ r atory, Human 
Resources Office, , ode 1812. Washington, 
DC 20375-5320, (202) 404-8305. 




The successful cacture of trie Intelsat Vi satellite during tne first mission of tne Space Shuttle Endeavour 
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Careers in science, engineering, and tech- 
nology emphasize basic knowledge and 
skills in science, mathematics, and tech- 
nical subjects. The extent to which you master 
these three areas will help determine your selec- 
tion for entry-level positions and how quickly 
you advance in your work assignments. There 
are places for men and women who have differ- 
ent levels of competency in all three of these 
subject areas. 

Chapter II provides descriptions of a wide 
variety of scientific and technical fields and 
occupations. Nearly all college curricula in sci- 
ence and engineering are based on the same 
fundamental principles and have, therefore, 
nearly the same basic educational prerequisites. 
In particular, at the high school level, the neces- 
sary preparation for all fields includes mathemat- 
ics (algebra, geometry, trigonometry, and any 
other available courses), and science, including 
as a minimum biology, chemistry, and physics. 



It is difficult to overemphasize the importance 
of taking these basic mathematics and science 
courses as early as possible and doing as well as 
possible in them. These courses lay the neces- 
sary foundation for the more advanced science 
and mathematics courses that form the basis of 
college curricula in science and engineering. 
These advanced courses are normally taken in 
the freshman and sophomore years of college. 
Course work in computer science is increasingly 
important and should be pursued to the extent 
available. Communications skills also are valu- 
able to scientists and engineers. Therefore, 
courses that develop one's reading, writing, and 
speaking skills are essential. 
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Science and Your Career 

Nearly ail scientists, and most engineers, must be familiar 
with the elements of three basic sciences: biology, chem- 
istry, and physics. You will need to study different amounts 
and kinds of science courses for different occupations. For 
some jobs, such as skilled trades like welding, high school 
science courses are sufficient. The training of engineering 
and science technicians usually includes science courses 
like those offered at technical institutes or community col- 
leges. Many professions require only one or two years of 
college science courses. Some careers demand four years 
of college work in science while others require several addi- 
tional years of graduate study. 

Even if you do not plan to be a scientist, a knowledge of sci- 
ence will help you in many other careers, A good under- 
standing of scientific principles may lead to a better 
understanding of the world. With a background in science, 
you will be able to discuss more intelligently and make bet- 
ter decisions regarding community issues. For example, an 
understanding of chemistry and biology will help you 
decide upon systems to control air and water pollution. A 
knowledge of science will help you enjoy life in a highly 
advanced technological society. 

Mathematics and Your Career 

Mathematics is important to you every time you buy a 
record album, a pizza, or gas for your car. You will use 
some mathematics throughout your entire life, regardless 
of your chosen career. Mathematics is a science and is 
sometimes referred to as the most exact science. 
Mathematics is essential to scientific, engineering, and 
technical careers. It is a precise and universal language 
understood all over the world. Actually, it would be difficult 
to find any type of work where mathematics is not useful. 
The mathematics you study in high school is used in many 
career fields. 

Different occupations require varying amounts and kinds of 
mathematics courses. For some jobs, high school vocation- 
al math courses are sufficient. These courses will help you 
prepare for apprenticeship training required for many 
skilled trades. Skilled machine tool operators rely upon 
their mathematical backgrounds to set up their machines to 
precise dimensions. To prepare for careers as technicians, 
individuals will be expected to complete successfully 
courses offered on a level beyond those of hirjh school 



vocational math. If you aspire to scientific or engineering 
careers, you must complete advanced math courses in high 
school. These courses will prepare you for college-level 
mathematics. Scientists and engineers must complete three 
to four years of college-level math. Additional years cf grad- 
uate study are often required. 

The modern trend in scientific and technical careers 
requires more and more emphasis on mathematical and 
related competencies, such as computer science. Statistical 
and mathematical models are used to solve nonmathemati- 
cal problems. The person skilled in this discipline probably 
will find favorable employment opportunities in future 
years. Even if you do not plan to continue studying math 
after high school, it is a good idea to take all of the courses 
available to you. Some day you may change your mind 
about a career. At that time, you may be required to com- 
plete math courses you have not taken. 

Emphasis on Technical Skills 

Technical skills are also important in training for scientific 
and technical careers. Your choice of a career field and your 
level of aspiration in that field will be influenced by the tech- 
nical skills you demonstrate. These skills include hand-eye 
coordination and quickness and ease in using your hands to 
manipulate objects. Technical jobs include drafting, electri- 
cal wiring, mirowelding. and polishing lenses. Scientists, 
engineers, and technicians use different technical and man- 
ual skills, but in general the relative importance of technical 
skills is greatest for the technician and least for the scien- 
tist. As is true with science and math courses, the kinds of 
technical subjects (vocational and industrial arts courses) 
you select will be determined by your career interests. 

Other Important Courses 

Although special emphasis has been placed throughout this 
book on science, mathematics, and technical courses, a 
well-rounded high school education is essential. A well- 
rounded program gives the flexibility to respond to new. 
and sometimes unexpected, opportunities. You must be 
able to communicate your thoughts simply and clearly. 
Even the most brilliant engineer or scientist must be able to 
explain the significance of original ideas, if the ideas are to 
be accepted. Therefore. English literature, grammar, 
speech, and composition courses must be completed with 
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above average grades. Effective oral and written self- 
expression is crucial to success in any career field. Courses 
in history, civics, economics, political science, geography, 
sociology, psychology, and foreign languages will stimulate 
your thinking and expose you to new concepts and ways of 
living. Foreign languages are recommended because inter- 
national cooperation and competition have become impor- 
tant aspects of modern science and technology. For 
example, many scientific papers are published in foreign 
languages. 

Students are encouraged to take a wide variety of advanced 
subjects so that they will be prepared for several nossible 
career fields. Courses in manual skills (woo ' .ing. basic 
electricity, typing, and mechanical drawing) will help you 
recognize your aptitudes for technical work. They will 
acquaint you with material covered in college courses. 
Skills taught in a typing course will be appreciated when 
college paper assignments are due. If time permits, a short- 
hand course will be a tremendous asset to a student taking 
notes during class lecture • and laboratory periods. 

Scientific and engineering careers require college degrees. 
To gain admission to colleges, students must e irn good 
grades in college preparatory courses. These normally 
include English, mathematics, natural sciences, social sci- 
ences, foreign language(s). and appropriate electives. Make 
sure that you have completed all required courses for high 
school graduation and college entrance before you select 
elective courses. Grade point average, class rank, scores on 
standardized tests, recommendations, and participation in 
extracurricular activities are considered by selection com- 
mittees at colleges. 

Extracurricular activities are an important pa>t of a well- 
rounded high school program. Participation in science fairs 
and in science, mathematics, or computer clubs are espe- 
cially relevant because they give you an opportunity to 
apply what you have learned in classes and to explore areas 
not covered in the formal course work. Sports, student gov- 
ernment, clubs, school publications, and programs offered 
through the community provide enjoyable opportunities to 
meet new friends and explore interests. They are evidence 
of an active, interested student. Admission committees at 
colleges and summer or part-time employers usually studv 
a student's academic record and participation in extr - f ur- 
ricular activities. 



Looking Ahead to College 

It is important to review the entrance requirements of sev- 
eral colleges before you plan your high school curriculum. 
Also, it is important to plan your high school courses with 
the assistance of your guidance counselor, teachers, and 
parents. College catalogs and admissions officers at col- 
leges of your choice will provide specific details about their 
requirements. Knowing entrance requirements will provide 
a basis for the selection of the most appropriate courses. 
This will prevent you from being required to complete addi- 
tional courses prior to admission to college. It also will pre- 
vent your rejection by a college of your choice on the basis 
of inappropriate or insufficient course work. 

Most colleges require scores on standardized college 
entrance examinations. This information is found in college 
catalogs. The Scholastic Aptitude Test (SAT) and the 
American College Test (ACT) are the names of these 
entrance examinations. Check with your counselor for the 
dates of these tests and procedures for registering to take 
them. 

Some school systems offer accelerated students the option 
of taking Advanced Placement examinations. Certain col- 
leges offer college credits to students who distinguish 
themselves with .ugh scores on these tests. In this way. 
advanced students may earn college credits while in high 
school. This reduces the time and expense required to earn 
a college degree and allows students to register for addi- 
tional course work c< particular interest. College catalogs 
and guidance counselors are sources of information about 
this opportunity. 

Selecting a College 

Choose your college or university carefully. Gather informa- 
tion about several colleges before you decide upon your 
favorite choice. You should apply to several colleges in case 
you are not selected by the one first on your list. Check the 
advantages and disadvantages of each school with your 
tentative career goals in mind. It is a good idea to begin the 
application process during the summer months preceding 
your senior year in high school. This will give you a head 
start over the thousands of seniors also applying to the 
schools you select. Perhaps you will know of your accep- 
tance or rejection by Christmas. This will be a relief and 
r educe the tension and suspense of waiting to learn youi 
status It will also give you an opportunity to apply to other 
colleges if yGu are not accepted. 
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Factors to Consider When Selecting a College 

Perhaps the most important factor in selecting a college is 
the curriculum offered, in terms of its compatibility with 
your career goals. However, a number of other factors also 
need to be considered, such as available housing, accredi- 
tation, entrance requirements, cost of tuition, fees, room 
and board, financial assistance programs, life style of the 
students, location, travel and social expenses, size of the 
college, as well as class size in basic courses and student 
faculty interaction. 

Since the selection of a college is a major decision in your 
life, and since it is often difficult to transfer from one col- 
lege to another after beginning your college career, you are 
wise to gather information from your family, your guidance 
counselor, the admissions officer at the college, college cat- 
alogs, and friends who have attended the college. Visits to 
the campus are suggested. Rempmber. sometimes com- 
promises and alternate choices must be made, so be 
flexible! 

Cost? 

The cost of an education to prepare for scientific and engi- 
neering careers will vary. High school graduates with good 
grades and a sincere interest in a college education usually 
can find ways to finance the costs of earning a college 
degree. Costs are determined by such factors as choice of 
institution, choice of curriculum, and your eligibility for and 
acceptance of scholarships or other forms of financial 
assistance. Scholarships, loans, grants-in-aid. fellowships, 
work-study programs, part-time jobs, and cooperative edu- 
cation programs are available to qualified students. 
Guidance counselors can assist you in locating sources of 
financial aid. Several books on scholarships are available in 
libraries and in the guidance office. This information 
changes and requires planning and correspondence to 
ensure your eligibility for funds. The extra effort may pay off 
in thousands of dollars for your education. 

Many colleges offer cooperative education programs. 
Students in these programs alternate periods of college 
study and work at job sites. This opportunity provides prac- 
tical work experiences which bring "life" to classroom theo- 
ry, in addition to helping finance your college education. 
Practical on-the job experiences will help you decide if you 
really enjoy the work. These experiences may reinforce your 
career plans, or you may dec.de to change your plans. 
Valuable contacts are established for permanent employ- 
ment after college graduation Also, the relevant experience 
may qualify you for a higher entry-leve! position than if you 
had only the formal college cou r se work. 



Basic College Courses 

Undergraduate programs leading to degrees in the life sci- 
ences, physical sciences, mathematics, or engineering are 
the foundations for most careers in science or engineering. 
Knowledge of basic principles will enable you to adapt to 
the continually changing priorities and requirements that 
are characteristic of occupations in industry, government, 
and academic institutions. This understanding provides a 
solid foundation for comprehending the ever-expanding 
body of knowledge in the fields of science, engineering, and 
technology. A scientist or engineer completes a basic 
undergraduate curriculum in the chosen field and then 
becomes more skilled through work experiences in 
research and development, and through additional courses. 
Learning new techniques, cooperating with new people, and 
working in different environments provides challenge to 
these professions. 

At the college level, it is best to avoid over-specialization 
too early. In the real world, few professionals end up doing 
exactly what they had planned to do when they entered col- 
lege. The broader the educational base, the wider the choice 
of occupations upon graduation. As mentioned, the first 
two yeais of the college curricula for most fields of science 
and engineering are similar, with emphasis on mathematics 
(including, typically, three semesters of calculus and one of 
differential equations) and college-level courses in biology, 
chemistry, and physics. At the junior and senior levels, the 
curricula become more specialized, but there is still the 
opportunity, by means of elective courses, to obtain a broad 
education. 

Curriculum 

Regardless of the field of engineering a student elects to 
study, initial emphasis in all departments is on the funda- 
mentals of engineering education. During the freshman and 
sophomore years, all engineering students take general 
courses in calculus, chemistry, physics. English, social 
studies, humanities, physical education, and introductory 
engineering courses. In your junior year you will begin tak- 
ing specialized engineering courses In your major depart- 
ment. In addition to these specialized courses, you will be 
able to select elective courses in engineering, related sci- 
ences, business, and liberal ^rts. 

Thus, although attention is given to specialization, instruc- 
tion is focused primarily on fundamentals and the applica- 
tion of these fundamentals to engineering analysis and 
design problems which are essential to professional growth 
and lifelong learning in this area of rapid advancement of 
knowledge. 
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After centuries of dormancy, ML Pinatubo in the Philippines (15 N, 121 E) erupted vio- 
lentiy in mid-June 1991. producing a targe quantity of aerosol particles in Earth's 
stratosphere. The impact of this eruption is being monitored by the SAGE II 
(Stfatosphere Aerosol and Gas Experiment flj satellite instrument from NASA Langley 
Research Center. SAGE II measurements can be used to produce near-global maps of 
the stratospheric optical depth, which is a measure of the total amount of aerosol parti- 
cles m the stratosphere overhead The map shows that within a month following the 



Pinatubo eruption, a dense beil of material had encircled the globe in the tropics. 
Optica f depths in the tropics had increased byabouf a factor of 100 compared to mea- 
surements taken prior to the eruption. Now one year after the eruption, SAGE II data 
show high particle levels nearly everywhere around the globe. Based on observations 
of previous eruptions, particle levels are expected to remain high for several more 
years. 
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Steps to Scholastic Success 

Careers in science, engineering, and technology require 
success in higher learning. The most widely accepted crite- 
rion of academic success is high grades in the course work 
completed. Grades often are the most important basis for 
being selected for a job. being admitted to college or gradu- 
ate school, or receiving a scholarship. 

A combination of factors seem to affect a student's 
scholastic success. The most significant of these are intelli- 
gence and special abilities, motivation to succeed, and 
management of effective study methods. The latter two fac- 
tors can be improved by efforts on the part of the student. 
The key to success is to identify your special abilities, inter- 
ests, and potentials, and make the best use of them. 

Careers in science, engineering, and technology require 
interest and ability in mathematics, science, and technical 
subjects. What school subjects do you like best? What are 
your strengths and weaknesses? What examples do you 
have as evidence of your abilities? Grades you have earned 
in past courses are good indicators: others are scores on 
achievement and aptitude tests. Your guidance counselor 
wiH interpret these scores for you. It is important to under- 
stand your special abilities and match them with potential 
career fields. Your career will be much more rewarding if it 
challenges you with work appropriate to your abilities and 
interests. 



Your interests and your abilities go hand-in-hand when 
planning for potential careers. If you have a great deal of 
interest in an area but little natural ability, you will not be 
capable of performing the tasks competently. Likewise, if 
you have the ability to perform but little interest in an area, 
you are likely to be unhappy with that career. Natural ability 
plus an interest in a particular career will lead to more satis- 
faction with your work. Interest inventory tests have been 
designed to help you become aware of areas of interest. 
You may want to ask your guidance counselor to arrange 
for you to take one of these tests. 

Many extremely bright students fail courses and many 
students with average intelligence excel. What accounts for 
this difference? Experts say it is partially the desire to learn 
the subject materia! and to achieve long-term goals. A 
strong desire and intention to learn results from interest in 
the subject material, the ability to comprehend the material, 
and a purpose for mastering the material. Motivation or a 
desire to succeed academically supplies the energy neces- 
sary to plan and practice effective study procedures. 
Motives are among the strongest influences on your behav- 
ior. They affect the amount of time and effort you are willing 
to exert in order to succeed. The most powerful motivations 
arise from your goals and aspirations. For example, if you 
really feel successful and happy when you have mastered 
complex mathematical equations, your career goal may be 
to become a mathematician. You will be motivated to study 




and learn basic mathematical principles. If your goal is 
acceptance at an Ivy League college and that depends upon 
earning straight As. you will dedicate yourself to efficient 
study patterns. If the praise of your parents and associates 
depends upon academic success and you want their praise, 
you will develop and follow effective study schedules. For 
these reasons, students with average intelligence and 
strong interests and goals usually will succeed in their stud- 
ies. On the other hand, students gifted with intellectual abili- 
ties, but lacking interest and purpose for studying, may not 
be successful. 

Goals and aspirations reflect how you picture yourself in 
terms of other people. They reflect your estimate of your 
chances of succeeding. Past successes and failures influ- 
ence your goals and aspirations. Successful academic 
experiences increase confidence in your ability to succeed. 
They motivate you to continue the work necessary for 
repeated successes. Goal setting requires that you recog- 
nize your interests and abilities. Past experiences are good 
indicators of these interests and abilities. The most satisfied 
students seem to tie their aspirations closely to their levels 
of performance. They set flexible goals so that changes can 
• be made. These changes may result from acquiring more 
information, more self-awareness, and more maturity. 
Flexible and attainable goals will prevent frust.ations and 
disappointments. 

If your goal is to become a scientist, engineer, or techni- 
cian, you must have natural or acquired abilities, interests, 
and past successes in math, science, and technical sub- 
jects. Science and engineering careers require at least a 
bachelor's degree. This requires developing study patterns 
which will lead to success in college courses. 

The following questions may help you clarify your goals 
and motives for pursuing a career in science, engineering, 
or technology. Spend some time thinking about these ques- 
tions: 

1 . Do I really enjoy studying mathematics and science 
courses? 

2. Do I have the interest and ability to succeed in these 
courses? 

3. Why have I considered a career in science, engineering, 
or technology? 

4. What special qualifications do I have for these kinds of 
jobs? 

5 Do I really want to go to college? 



6. Am I going because my friends are going? 

7. Am I afraid I'll disappoint my parents if I don't attend 
college? 

8. Can I handle the freedoms of college 

life — no curfews, managing my own expenses? 

9. Am I responsible enough to complete assignments on 
time without the watchful eye of my parents or teach- 
ers? 

10. Can I establish short-term educational goals for each 
semester or quarter? 

Efficient management of time and study procedures is 
also a significant factor in the formula for academic suc- 
cess. Efficiency implies maximum learning from the least 
time and effort expended. It requires organizing your time 
into effective study patterns that work for you. Planning a 
study schedule, and sticking to it. requires real effo.t. It 
means you must decide upon priorities. 

A good rule of thumb is that, particularly for mathemat- 
ics and technical courses, you should allow at least two 
hours for study for each hour spent in ciass. 

As you develop a study schedule, you may find it neces- 
sary to give up or postpone activities that are fun. such as 
watching TV. going to the movies, talking on the phone, or 
just visiting with friends. Leisure time activities are impor- 
tant to all of us. However, they must be scheduled in rela- 
tion to the study schedule. A sensible balance between 
leisure activities and study increases a students chances of 
success. Your schedule for study should become a habit. 
Setting a time to study a certain subject 
increases the likelihood that you will retain the material and 
decreases the amount of time that you are likely to waste. 
Regularity seems to be the key as well as having one's pri- 
orities in order. 

Developing effective and efficient study habits requires a 
knowledge of good study techniques and developing a 
study plan. Counselors, teachers, and a number of refer- 
ence books can provide information on study skills. The fol- 
lowing are some examples of techniques that should prove 
helpful. 
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NASA scer.t.sis liy comput- 
erized f<gn!er >,n 3-D 




(top left) 

NASA researchers have "flown - a complete three-dimensional high- 
performance aircraft in a supercomputer for the first time 
The accuracy of solutions obtained from computational flwd 
dynamics is determined by comparing the solution with experimen- 
tal data For the F- 18 aircraft, a large experimental database is 
gamed from flight experiments conducted at NASA s Dryden Flight 
Research Facility the leading edge extension is visualized by 
smoke released into the airstream This is one indication that the 
computation can accurately resolve the features of the flow around 
the F- 18 flying at high angle of attack. 

The research ,<s part of an effort to reduce wind tunnel testing of 
new aircraft designs Supercomputer design has the potential to be 
less costly and gives data not available from umd tunnels such as 
greater detail on flight conditions 

(top right) 

Here, the computed surface pressu re is represented using cq'c 
contours Blue represents regions of lower pressure, withpressure 
increasing through the green, yellow, and red regions The regions 
are due to the leading edge of the wing and horizontal tan The v r- 
t'ces provide add>honai m to the aircraft Hying at hmh aw> * 
attack y 



(bottom left) 

The flow around an F-18 aircraft flying at a high angle of attack is 
computed here using computational fluid dynamics. The solution 
is analyzed using visualization techniques developed at NASA Ames 
Research Center. Flowfietd features are highlighted using air parti- 
cle traces. Traces show the flow patterns on the wings and nose 
and the burst of the vortices generated by the leading edge exten- 
sions. Also shown are relative size and strength of the vortices that 
develop on the fore'oody end. 

{bottom right) 

Scramjet engine exhaust is modeled in this supercomputer- 
generated image of an aerospace vehicle as part of the National 
Aero-Space Plane (NASP) Program Red-to-pink indicates areas of 
highest air density, including the exhaust a r ea (seen on the under 
surface at rear) Contour lines that ring the airplane indicate air 
density away from the surface at selected points. 
Researchers at NASA s Langtey Research Center are studying 
engine nozzle performance and exhaust effects on tail control sur- 
faces The image simulates w md tunnel test conditions at Mach W 
(apprx 6.500 mph\ 



Study Habits for the Student 

The Physical Setting for Study 

The physical setting for study affects concentration. 
Inability to concentrate is one of the major causes of ineffi- 
cient use of study time. A good location makes it easy to 
start studying and helps concentration. Here are some 
points that may help: 

1 . Locate a good study desk or table located in an area 
away from distractions, such as other people talking, 
radio or TV. etc. 

2. See that your study area is well lighted and wear 
glasses if you need them. 

3. Study by yourself most of the time. 

4. Keep study materials and books near at hand. 

5. Make efficient use of study periods and free time during 
the day at school. 

Planning Your Time for Study 

Planning or budgeting your study time is very important. It 
is essential not to fall behind. Once you fall behind, it is very 
hard to catch up because there is always new work to be 
done. This is true of all subjects, but particularly so of 
mathematics, science, and foreign languages, where an 
understanding of the material already covered is usually 
essential to understanding the new material. Here are some 
points to remember in planning your study time: 

1 . Make and keep a study schedule. 

2. Budget your study time. 

3. Use odd moments for studying — take advantage of 
brief times during the day or enroute to school. 

Better Listening and Note Taking 

In school, as well as out of school, listening is very impor- 
tant. Good listening is an active process and requires con- 
centration. Unlike reading, listening cannot be repeated 
(without potential embarrassment) if you miss the point the 
first time. The good listener is constantly thinking, evaluat- 
ing, and drawing conclusions. In school, be alert to impor- 
tant ideas that are discussed in class. Your teachers and 
classmates will present material and explanations that you 
may not find in your textbooks. No one else can listen for 
you. and someone else's notes are not a good substitute for 
your own. Improving your listening habits and skills will 



improve all of your school work. Here are some aids that 
will help you to train yourself to listen better: 

1 . While listening, look for main ideas. 

2. While listening, take notes (but don't try to take down 
everything). 

3. Revise notes later to clear up points, and fix the materi- 
al more firmly in your mind for future use. 

Preview Reading Assignments 

Previewing is important. It will save you time because it 
prepares you for better understanding and faster reading. It 
also will help you remember better. Here's how to preview: 

1 . Read over the title of the chapter. From the title try to 
get an idea of what the chapter will be about. 

2. Look over the section headings. 

3. Read the first and last paragraphs of the assignment. 

4. Study the pictorial aids (illustrations, graphs, tables, 
etc.). 

5. Take an inventory — ask yourself, "What do I know 
about the chapter?" 

Readmg the Assignment 

Reading an assignment requires active thinking. What you 
derive from your reading depends largely on what you bring 
to it. Good reading requires interest, knowledge, and 
curiosity. For good reading: 

1 . Make up questions suggested by the main headings. 
Turn chapter headings and subheadings into questions. 

2. Read to answer your questions. As you read, watch for 
the answers to the questions you have raised. It means 
reading all of the material required by your assignment, 
but you should be looking for your answers as you 
read. 

3. Check your understanding by reciting the answers. 
After finding the answer to your question, repeat it to 
yourself. Stop reading at the end of each section, take 
time out, and repeat in your own words the answers to 
your question. 

4. Reread when necessary to clarify any ideas of which 
you are unsure. 
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Note Taking 

1 . Jot down the key words anti phrases in a preliminary 
outline. These notes are for your personal use and 
should be helpful to you. Notes will not supply all the 
information in detail, but they will give you a picture in 
outline form. When taking notes, keep these points in 
mind: 

a. Use your own words whenever possible. 

b. Confine your notes on a chapter to one side of a 
notebook sheet, if possible. 

c. Look over your notes a day or so after taking them. 
If they lack clarity and are cluttered or poorly orga- 
nized, revise them. 

2. Underline key words and phrases. If you own the book, 
you may prefer to underline key words and phrases in 
the book. However, do not underline a major fraction of 
the text. 

3. Make diagrams to clarify ideas whenever this seems 
necessary or appears to be helpful. 

Remembering 

1 . Find an interest in what you are studying. 

2. Have a clear-cut grasp of the basic ideas. Clear under- 
standing is necessary for good remembering. 

3. Learn by wholes. Before you begin to study, know what 
the author's main theme is and how the main ideas are 
related. Then stuc, parts, the details which support 
the principal ideas. 

4. Use more of your time in reciting than in rereading. 
Reciting helps you to remember hetter than rereading, 
because it forces you to think harder as you try to recall 
what you have learned. 

5. Spot the key words and phrases. They will help you 
remember the ideas for which they stand. 

6 Use as many of your senses in as many ways as possi- 
ble. Try reading, reciting, writing out the answer, or 
sketching diagrams where appropriate. 

7. Distribute your learning practice over several study 
periods. You will remember more from an assignment 
if you divide your learning of any subject over two or 
more separate penods of moderate length. 

8 Learn for the future. If you memorize something only 
well enough to pass an examination, you will probably 
forget it quickly. If a fact or idea is worth learning at all. 
it is worth retaining. You should overlearn to compen- 
sate for the curve of forgetting. 



9. Try to use what you learn. You tend to remember the 
things that you put to use. You might explain a lesson 
to someone, use a new idea during a discussion, try to 
relate new facts or concepts to ideas already studied in 
the same subject, in other subjects, in conversations, 
and in your own personal experience. 

10. In most mathematics, science, and engineering 
courses, problem-solving is essential to effective learn- 
ing. You should not only work all the assigned prob- 
lems, but be sure you understand how you arrived at 
the answer(s). 

Taking Examinations 

Your best preparation for examinations is regular, day-by- 
day study. You should set some time aside for periodic 
review; at least one hour for each subject per week should 
consist of review. Here are some aids in preparing for 
examinations: 

1 . Plan a definite examination study schedule and stick 
to it. 

2. Prepare and study a master outline of the subject. The 
master outline is a condensed version of all your notes 
on lectures, discussions, and readings. 

3. Try to make up an exam lor each course in which you 
expect to be tested. Then take it. check it. Be serious 
about it. 

4. Get a good nights sleep before the examination. 

Study Helps 

Five Sources of Information 

1 . Use your own resources as much as possible. 

a. Get into the habit of relying on yourself. Do not lean 
on others any more than necessary. But. know 
when and whom to ask for help. 

b. Take an active interest in your studies. 

c. Use initiative when studying. Do some extra read- 
ing, whether or not it is assigned. Work some extra 
problems beyond those assigned. Be alert for cur- 
rent events that may have a bearing on what you are 
studying. 

d. Prepare carefully for class. Carry out the required 
assignments and master them. Do not let yourself 
fall behind. 

e. Participate actively in class. Enter into discussion. If 
there is something you do not undeistand. ask 
questions. Listen attentively and take notes during 
class. 
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2. Master your textbook. After yourself, your textbook is 
your most important study help. Get thoroughly 
acquainted with it. 

3. Learn from other students. Listen actively to what your 
fellow students have to say during class discussions, 
recitations, question periods, and when they report on 
books read or projects undertaken. You may not agree 
with what they say. but this in itself contributes to 
learning. 

a. Join a dedicated study group. 

4. Talk over with your teacher any questions you have 
concerning your work. When a question comes up 
about your work which you cannot answer, do not let 
the matter drop. Ask the question in class. If the 
answer given in class does not satisfy you, make an 
appointment with your teacher to discuss the matter 
further. 

5. Browse in the library. This means reading here and 
there in books and magazines. You can browse for 
recreation or for study purposes. Browsing for informa- 
tion should be systematized and purposeful. You 
browse for information on a specific topic or to enlarge 
your background and knowledge of a particular subject. 
Some of the tools in the school library and in the public 
library that you should become familiar with are: 

a. Dewey Decimal System 

b. Card catalog/microfiche 

c. Dictionaries and glossaries 

d. Encyclopedia and its supplements 

e. Readers Guide to Periodical Literature 

f. Library of Congress Classification System 

g. Indexes and abstracts 

Read Faster 

A problem that faces students in planning study time is the 
limited periods of time which can be set aside for that pur- 
pose. Reading faster (while keeping the level of comprehen- 
sion high) can be a great asset. 

To be an efficient reader, you must be a flexible reader. 
This means that you must realize that you cannot read 
everything at the same rate. You need to read technical 
books, or thought-provoking essays, more slowly than nov- 
els in order to think them through. Set your pace in accor- 
dance with the material to be covered. A more detailed 
discussion of improving your reading skills is given later. 

If you plan to increase your speed, set reasonable goals. 
If you set too high a goal for yourself at first, you may soon 
become discouraged and give up altogether. 



Spell Correctly 

Misspelled words will result in lower grades. Your best 
friend is the dictionary; keep it handy when you write and if 
in doubt, look unfamiliar words up. 

Build Vocabulary 

Vocabulary building is necessary in all subject areas. The 
specialized vocabularies necessary to the understanding of 
science, social studies, math, foreign languages, and 
English are your responsibility. You can reserve a special 
place in your notebook for definitions that are necessary in 
each subject. Another approach is that of keeping vocabu- 
lary cards: put the word on one side and the definition n 
the other side of a small index card. You can use different 
colors for different subjects and keep the cards in a file box 
for handy reference and study. 

Solve Mathematics and Science Problems 
Efficiently 

Math, science, and engineering courses differ from many 
others in that the emphasis is on developing an ability to 
solve problems. Only if you can apply the knowledge gained 
in reading the textbook or listening to lectures, do you really 
understand the material. Therefore, practice in solving 
problems is extremely important — simply rereading the 
textbook is no substitute! Here are some pointers that may 
help you: 

1 . State the question in your own words: be sure you 
understand what is wanted. 

2. Determine what process or formulas you need. 

3. List the facts and figures required to answer the 
question. 

4. Estimate your answer: make sure that its numerical 
value is at least reasonable based on your general 
knowledge of the subject or similar, previously worked 
examples. 

5. Work out your answer in detail: compare it with your 
estimate. Be sure the units of the answer are correct or 
at least reasonable. 

Skimming 

You skim a page or paragraph by moving your eyes rapidly 
over the material in search of specific information. 
Headings, topic sentences, key words, and guide words can 
help you. 
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Improving Reading Rate and Comprehension 

1 Read regularly. Practice is extremely important. Read 
as much as you can. Practice at least half an hour a 
day, more if possible. 

2. Begin with easy material. At the outset, road material 
with a familiar vocabulary and ideas that can be 
grasped without effort. Get the feeling of moving along 
the lines of print quickly and comfortably while still 
making a conscious effort to increase your reading rate 
Begin with fictionalized biography, science fiction, 
adventure stories, or other materials of interest to you. 

3. Work toward more difficult materials. When you begin 
to see progress, step up to the next level of difficulty. 
Read news magazines and nonfiction on topics of cur- 
rent importance. Eventually, you will work to your rats 
on all types of reading. As soon as possible, turn your 
attention to your textbooks or other material directly 
applicable to your course work. 

4. Understand what you read. Rate is determined primari- 
ly by the ability to comprehend. Read aggressively to 
answer questions. Before you start, turn the title into a 
question and keep asking, "What is the answer? What 
is the author saying?" Go in with a question; come out 
with an answer. 

5. Determine your purpose before you begin. Decide why 
you are reading the particular selection and estimate its 
difficulty. Then set yourself to read at your most effi- 
cient rate in terms of these factors. 

6. Reduce vocalization in all silent reading. Resolve to get 
the point by thinking the meaning, not by saying the 
words. Press to read faster than the top speed at which 
words can be pronounced. 

7. Read under progressive pressure. During practice, read 
as rapidly as you can without jeopardizing comprehen- 
sion. Read as if you were to take a quiz in 10 minutes 
and hadn't studied th^ lesson. 



8. Improve your vocabulary. Strange words interfere with 
understanding. Since speed is a function of under- 
standing, you will profit from a systematic attempt to 
increase your word knowledge. Keep a dictionary 
handy. 

9. Increase your store of knowledge. Intelligent reading 
requires more than a mere knowledge of what the word 
means. The more you know about a subject, the better 
and faster you can read it. 

10. Don't mane a fetish cf speed. Remember that speed 
without comprehension is counterproductive. Slow 
down as the occasion demands. Experts use many 
speeds, not just one. 

1 1 . Be persistent There is no magic formula to show you 
how to double your rate overnight. Pressing to read 
faster and answer questions may be fatiguing at first. 
For a time, you may even seem more inefficient than 
before. But keep at it. Use any free time for additional 
practice. With a little persistence, more effective read- 
ing wi!i beccme habitual. 
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NASA Centers and Educational Programs 



Introduction 

A goal of NASA's Education Division 
is to maintain an adequate pool of 
scientists, engineers, and other pro- 
fessionals to meet national 
aerospace needs. Personnel from 
NASA Headquarters and the nine 
NASA field centers carry out this 
national education program covering 
the spectrum from elementary, mid- 
dle, and high schools, to undergrad- 
uate, and graduate levels and 
post-graduate researcn programs. 
NASA's educational programs also 
recognize the importance of teachers 
and university faculty. 

NASA offers educators a wide range 
of educational services including 
speakers, publications, audiovisual 
materials, software, advanced educa- 
tional technology, curriculum assis- 
tance, electronic communications, 
in-school satellite programs, student 
programs, and training opportuni- 
ties. Information about these pro- 
grams follows. 

Education Division 
NASA Headquarters 

The Education Division is comprised 
of four branches: Elementary and 
Secondary. Higher Education. 
Technology and Evaluation, and 
Educational Publications. The 
Elementary and Secondary Branch 



conducts pre-college programs for 
teachers and students. 
The Higher Education Branch admin- 
isters undergraduate, graduate, doc- 
toral, and post doctoral programs for 
university faculty and students. The 
Technology and Evaluation Branch 
develops and demonstrates the use 
of new teaching technologies. The 
Educational Publications Branch pro- 
vides writing, editorial, illustration, 
design, layout, printing, and distribu- 
tion services for NASA's educational 
materials. 

Elementary and Secondary 
Programs 

For information about the Elementary 
and Secondary Branch at NASA 
Headquarters, contact: 

Dr. Eddie Anderson, Chief 
Elementary and Secondary Branch 
Code FEE, NASA Headquarters 
Washington, DC 20546-0001 
(202) 358-1518 

Each NASA field center has a Center 
Educational Programs Officer 
(CEPO). The CEPOs serve as the pri- 
mary educational contacts for the 
elementary and secondary school 
communities in their geographic 
areas. The table on page 95 delin- 
eates the geographic regions. 



Additionally, there are numerous 
Regional Teacher Resource Centers 
(RTRCs) located throughout the 
nation. You should contact the 
Center Educational Programs Officer 
for your state to determine the loca- 
tion of the nearest RTRC. 

Summer High School 
Apprenticeship and Research 
Program (SHARP and SHARP Plus) 

The Summer High School 
Apprenticeship and Research 
Programs are designed as research- 
based mentor programs. Both pro- 
grams are established to increase the 
participation of African American. 
Hispanic. Alaska Native. Native 
American, and Pacific Islander stu- 
dents in mathematics, science, and 
engineering. 

SHARP is operated at NASA field 
centers for selected students who 
reside within the commuting distance 
of the center. SHARP Plus is the res- 
idential counterpart on participating 
college and university campuses. 
The campuses are selected based on 
the retention and graduation of 
African American. Hispanic, and 
Native American students in engi- 
neering and science disciplines. For 
more information contact: 
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Mr. Ahmad IMurriddin. NASA 
Headquarters. Elementary and 
Secondary Branch. Code FEE. 
Washington. DC 20546-0001, 
(202)358-1518. 

Aerospace Education Services 
Program (AESP) 

Aerospace Education Services 
Program specialists conduct work- 
shops for teachers each summer at 
NASA field centers, elementary and 
secondary schools, and on college 
campuses. Workshops cover astron- 
omy, aeronautics, life in space, prin- 
ciples of rocketry, Earth science, and 
remote sensing. A typical workshop 
includes how-to and handsron activi- 
ties to help teachers incorporate what 
they learn into classroom activities 
and programs to supplement existing 
curricula. Contact the Center 
Educational Programs Officer at the 
NASA field center that serves the 
school's geographic area, or contact: 

Elementary and Secondary Branch 
Code FEE. NASA Headquarters 
Washington. DC 20546-0001 
(202)358-1518 

Cooperative Education Program 

A NASA-wide program, the 
Cooperative Education Program gives 
high school, college, and graduate 
students an opportunity to work at a 
field center while completing their 
education. Each field center negoti- 
ates its own cooperative agreements 
>/ith schools in its geographic area. 
Contact the center Personnel Officer 
at the NASA field center that serves 
the school's geographic area, or con- 
tact; 

NASA Headquarters 
Attn: Catherine Zegowitz 
Mail Code FPH 
Washington. DC 20546-0001 
(202)358-1570 



Higher Education Programs 

For more information about the 
Higher Education Branch at NASA 
Headquarters, contact: 

Ms. Elaine Schwartz. Chief 
Higher Education Branch 
Code FEH. NASA Headquarters 
Washington. DC 20546-0001 
(202)358-1531 

Each NASA field center employs a 
University Affairs Office (UAO). In 
addition to conducting a variety of 
programs for university students and 
faculty, the UAO serves as a focal 
point for information to the university 
community about research, grant, 
and fellowship opportunities, and 
other university-related activity at the 
center. 

Graduate Student Researchers 
Program 

This program awards fellowships to 
graduate students whose research 
interests are compatible with NASA 
programs. Approximately 150 new 
awardees are selected each year 
based on a competitive evaluation of 
academic qualifications, the pro- 
posed research or plan of study, and 
where appropriate, the planned uti- 
lization of NASA research facilities. 
For further information, please 
contact: 

Higher Education Branch 

Education Division 

Mail Code FEH. NASA Headquarters 

Washington. DC 20546-0001 

(202)358-1531 

NASA Space Grant and Fellowship 
Program 

In 1987 Congress passed legislation 
creating the National Space Grant 
College and Fellowship Program, 
which represents a bold, sweeping 
commitment to maintaining this 
nation's preeminence in aeronautics 
and space science and technology. 



NASA, given responsibility for 
designing and managing the Space 
Grant program, developed the follow- 
ing objectives: 

• to establish a national network of 
universities with interests and 
capabilities in aeronautics, space, 
and related fields: 

• to encourage cooperative pro- 
grams among universities, 
aerospace industry, and federal, 
state, and local governments: 

• to encourage interdisciplinary 
training, research, and public ser- 
vice programs related to 
aerospace: 

• to recruit and train professionals, 
especially women, underrepresent- 
ed minorities, and persons with 
disabilities, for careers in aeronau- 
tics and space-related science and 
engineering: and, 

• to develop a strong science, math- 
ematics, and technology education 
base from elementary through uni- 
versity levels. 

Under the Space Grant program a 
national network of public and pri- 
vate colleges and universities with 
varying degrees of aeronautics and 
space-related resources and capabili- 
ties are joined by space-related 
industry, state and local govern- 
ments, and nonprofit organizations. 
Space Grant consortia have been 
established in every state, the District 
of Columbia and Puerto Rico. Each 
consortium receives NASA funds to 
be used in implementing a balanced 
program of research, education, and 
public service. 

More information and a list of Space 

Grant Programs Directors may be 

obtained by writing to: 

National Space Grant College and 

Fellowship Program 

Higher Education Branch 

Mail Code FEH 

NASA Headquarters 

Washington. DC 20546-0001 
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Education Technology Programs 

Spacelink — Spacelink is an informa- 
tion access system that allows indi- 
viduals to log on and receive news 
about current NASA programs and 
activities and other space-related 
activities and information, including 
historical and astronaut data, lesson 
plans and classroom activities, and 
even entire publications. Although 
primarily intended as a resource for 
teachers, anyone with a personal 
computer and modem can access 
the network. 

Spacelink Direct Dial via Modem: 
(205) 895-0028 

Data word format: 8 data bits, no 
parity, and 1 stop bit 

Internet Address: 
spacelink.msfc.nasa.gov 

Spacelink Administrator 
Marshall Space Flight Center 
Mail Code CA-21 
Huntsville, AL 35812 
(205) 544- 6527 



Satellite Videoconference 

During the school year, a series of 
educational programs is delivered by 
satellite to teachers across the coun- 
try. The content of each videocon- 
ference varies, but all cover 
aeronautics or space science topics 
of interest to the educational com- 
munity. The broadcasts are interac- 
tive; a number is flashed across the 
bottom of the screen, and viewers 
can call collect to ask questions or 
take part in a discussion. For further 
information contact: 

Dr. Malcom Phelps 

Technology and Evaluation Branch 

Education Division 

Code FET, NASA Headquarters 

Washington, DC 20546-0001 

(202) 358-1540 

Videoconference Coordinator 
NASA Aerospace Education Services 
Program 

Oklahoma State University 
300 N. Cordell 
Stillwater. OK 74078 
(405) 744-7015 

Teacher Resource Center 
Network-— to make information 
available to the educational commu- 
nity, the Education Division has cre- 
ated the NASA Teacher Resource 
Centers (TRCs) which contain a 



wealth of information for educa- 
tors: publications, reference 
books, slides, audio cassettes, 
videocassettes, tele-lecture pro- 
grams, computer programs, les- 
son plans and activities, and lists 
of publications available from gov- 
ernment and nongovernment 
sources. 

Because each NASA field center 
has its own areas of expertise, no 
two TRCs are exactly alike. Phone 
calls are welcome if you are unable 
to visit the TRC that serves your 
geographic area. See page 95 for 
geographic regions. 

Central Operation of Resources 
for Educators (CORE) 

CORE is a centralized mail-order 
audiovisual library for educators: 
no printed materials are available. 
Submit a written request on your 
schoo! letterhead for a catalogue 
and order forms. Orders are pro- 
cessed for a small fee that 
includes the cost of the media. 

NASA CORE 

Lorain County Joint Vocational 
School 

15181 Route 58 South 
Oberlin, OH 44074 
Phone: (216) 774-1051 Ext. 293 
or 294 



NASA Educational Offices Higher Education Programs 



If you are attending a college or uni- 
versity, you may contact the follow- 
ing offices for information about 
programs and opportunities (e.g.. 
Graduate Students Researchers 
. Program) for which you may be 
eligible. 



University Affairs Officer 
Code 241-3 
Ames Research Center 
Moffett Field, CA 94035 
Telephone: (415) 604-5802 

University Affairs Officer 
Mail Stop 600 

Goddard Space Flight Center 
Greenbelt, MD 20771 
Telephone: (301) 286-9690 



Education Director 
Mail Code 180-CCC 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
Telephone: (818) 354-8251 
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University Affairs Officer 
Mail Stop AHU 
Johnson Space Center 
Houston, TX 77058 
Telephone: (713) 483-4724 

University Affairs Officer 
Mail Code HM-CIU 
Kennedy Space Center 
Kennedy Space Center, FL 32899 
Telephone: (407) 857-2512 



University Affairs Officer 
Mail Stop 105-A 
Langley Research Center 
Hampton, VA 23681-0001 
Telephone: (804) 864-4000 

University Affairs Officer 
Mail Stop 3-7 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, OH 44135 
Telephone: (215) 433-2956 



University Affairs Officer 

Mail Stop DX01 

Marshall Space Flight Center 

Marshall Space Flight Ctr., AL 35812 

Telephone: (205) 544-0997 

University Affairs Officer 
Science and Technology Branch 
Mail Code HA10 
Stenn is Space Center 
Stennis Space Center, MS 39529 
Telephone: (601) 688-3880 



NASA Educational Offices Elementary and Secondary Programs 



If you are an elementary, junior high, 
or high school level student or you 
are in the twelfth grade or less, you 
may contact the following offices for 
information about programs and 
opportunities (e.g., Summer High 
School Apprenticeship Research 
Program) for which you may be 
eligible. 

If you live in: 

Alaska, Arizona, California, Hawaii, 
Idaho, Montana, Nevada, Oregon, 
Utah, Washington, Wyoming 

Chief, Educational Programs Branch 

Mail Stop T025 

NASA Ames Research Center 

Moffett Field, CA 94035 

(415)604-5543 

Connecticut, Delaware, District of 
Columbia, Maine, Maryland, 
Massachusetts, New Hampshire, 
New Jersey, New York, Pennsylvania, 
Rhode Island, Vermont 

Chief, Educational Programs 
Mail Code 130 

NASA Goddard Space Flight Center 
Greenbelt, MD 20771 
(301)286-7207 



Colorado, Kansas, Nebraska, New 
Mexico, North Dakota, Oklahoma, 
South Dakota, Texas 

Educational Programs Officer 
Mail Code AP-4 
NASA Johnson Space Center 
Houston, TX 77058 
(713) 483-1257 

Florida, Georgia, Puerto Rico, Virgin 
Islands 

Chief, Education and Awareness 
Branch 

Mail Code PA-EAB 
NASA Kennedy Space Center 
Kennedy Space Center, FL 32899 
(407) 867-4444 

Kentucky, North Carolina, South 
Carolina, Virginia, West Virginia 

Educational Office 
Mail Stop 400 

NASA Langley Research Center 
Hampton, VA 23681-0001 
(804) 664-3312 

Illinois, Indiana, Michigan, 
Minnesota, Ohio. Wisconsin 

Chief, Office of Educational Programs 
Mail Stop 7-4 

NASA Lewis Research Center 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-5583 



Alabama, Arkansas, Iowa, Louisiana, 
Missouri, Tennessee 

Chief, Education Branch 
Mail Code CA-21 

NASA Marshall Space Right Center 
Marshall Space Flight Center, AL 
35812 

(205) 544-0213 
Mississippi 

Educational Programs Office 
Mail Stop HA00 

NASA John C. Stennis Space Center 
Stennis Space Center, MS 39529 
(601)688-1107 

For NASA education and training pro- 
grams at Historically Black Colleges 
and Universitier Hispanic Serving 
Institutions and jal College 
Contact: Division Manager 
Minority University Education and 
Research Division 
Code EU 

Washington. DC 20546-0001 
(202) 358-0970 

Additional education programs 
are offered at the Jet Propulsion 
Laboratory. For information 
contact: Education Director 
Mail Code 180-205 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
Telephone: (818) 354-8592 
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U.S. Department of Ensrgy Laboratory and Facility-Based Science 
Education Programs 



The U.S. Department ot Energy's sci- 
entific research laboratories and facil- 
ities are available as resources for 
teachers and students. For more 
information on programs available in 
your area, please contact the facility 
nearest you. 

Department of Energy 

Office of University and Science 
Education Programs 
ER-80 

1000 Independence Ave. SW 
Washington. DC 20585 

Ames National Laboratory 

Ames Laboratory Education Program 

Iowa State University 

108 Office. Laboratory Bldg. 

N-156 Quadrangle 

Ames, Iowa 50011 

Argonne National Laboratory 

Director of Educational Programs 
ANL 

9700 South Cass Ave.. Bldg. 223 
Argonne. Illinois 60439 

Associated Western ' - srsities 

AWU 

4190 S. Highland Drive 
Suite 211 

Salt Lake City, Utah 84124 

Bates Linear Accelerator Center 

BATES/MIT 
P.O. Box 846 

Middleton. Massachusetts 01949 

Bonneville Power Administration 

BPA 

P.O. Box 3621 SPB 
Portland. Oregon 97208-3621 



Brookhaven National Laboratory 

Head, Office of Educational 
Programs 
BNL 

30 Bell Avenue. Bldg. 490 
Upton, New York 11973 

Continuous Electron Beam 
Accelerator Facility 

Education Project Manager 
CEBAF 

12000 Jefferson Avenue 
Newport News. Virginia 23606 

EG&G Mound-Applied Technologies 

Precoliege Program Committee 
EG&G Mound-Applied Technologies 
P.O. Box 3000 
Miamisburg, Ohio 45343 

Fermi National Accelerator 
Laboratory 

Manager, Education Office 
P.O. Box 500 
Batavia, Illinois 60510 

Fernald Environmental 
Management Project 

Environmental Technology. 

Education, and Community Outreach 

Programs 

P.O. Box 398704 

Cincinnati. Ohio 45239-8704 

Idaho National Engineering 
Laboratory 

Director of External Affairs 
INEL 

P.O. Box 1625. MS 1131 
Idaho Falls. Idaho 83415-3500 

Inhalation Toxicology Research 
Institute 

ITRI 

P.O. Box 5890 

Albuquerque, New Mexico 871 85 



Kansas Field Office (Allied-KC) 

Allied Signal Aerospace Company 

P.O. Box 419159 

2000 East 95th Street 

Kansas City, Missou" ; 64141-6159 

Lawrence Berkeley Laboratory 

Director. Center for Science & 
Engineering Education 
LBL 

University of California 
Bldg 938C 
One Cyclotron Road 
Berkeley, California 94720 

Lawrence Livermore National 
Laboratory 

Manager of Human Resources 
Planning Development 
LLNL 

P.O. Box 808 

Livermore, California 94550 

Los Alamos National Laboratory 

Office of University Relations 
LNL 

P.O. Box 1663-P278 

Los Alamos, New Mexico 87545 

Morgantown Energy Technology 
Center 

Deputy Associate Director 
METC 

P.O. Box 880 

Morgantown, West Virginia 
26507-0880 

National Renewable Energy 
Laboratory 

NREL 

161 7 Cole Boulevard Bldg. 17 
Golden, Colorado 0401-3933 
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Naval Petroleum Reserves in 
California (NPR) 

P.O. Box 11 
28590 Highway 119 
Tupman, California 93276 

Nevada Test Site (NVO) 

Office of External Affairs 
NTS 

P.O. Box 98518 

Las Vegas, Nevada 89193-8518 

Northwest College and University 

Association of Science 

NORCUS 

100 Sprout Road 

Richland, Washington 99352-1643 

Oak Ridge Institute lor Science 
and Education 

Chairman. Science/Engineering 
Education Division 
ORISE 

P.O. Box 117 

Oak Ridge. Tennessee 37831-0117 

Oak Ridge National Laboratory 

Director, Science Educational 
Programs 
ORNL 

105 Mitchell Rd. 
MS-6496 

Oak Ridge. Tennessee 37831-6496 

Pacific Northwest Laboratory 

Manager, Pre-University Education 
PNL 

P.O. Box 999, MS-KI-66 
Richland. Washington 99352 



Pinellas Plant 

P.O. Box 2908 
Largo, Florida 34649 

Pittsburgh Energy Technology 
Center 

Associate Director for Research & 
Development 
PETC 

P.O. Box 10940 

Pittsburgh. Pennsylvania 15236 

Princeton Plasma Physics 
Laboratory 

Education Programs Office 
PPPL 

P.O. Box 451-Route 1 
Princeton. New Jersey 08543 

Raytheon Services Nevada 

222 S. Rainbow Blvd.. Suite 213 
Las Vegas, Nevada 89128 

Rocky Flats Plant 

P.O. Box 464 

Golden, Colorado 80402-0464 
Sandia National 

Laboratories (SNL), Albuquerque 

Educational Programs 
SNL-A 

ORG. 9000-B 
P.O.Box 5800 

Albuquerque, New Mexico 87185 

Sandia National Laboratories (SNL), 
Livermore 

Education Project Leader 

SNL-LP.O.Box 969 

Livermore. California 94551-0969 



Savannah River Ecology Laboratory 

SREL 
Drawer E 

Aiken, South Carolina 29802 

Savannah River Technology Center 
(SRTC) 

Educational Programs 
Westinghouse Savannah River 
Company 

P.O. Box 616, Bldg. 773-42A 
Aiken. South Carolina 29808 

Stanford Linear Accelerator Center 

Education Office 
SLAC 

P.O. Box 4349, Bin-81 
Stanford, California 94309 

Strategic Petroleum Reserve (SPR) 

900 Commerce Road East 
New Orleans. Louisiana 70123 

Superconducting Super Collider 

Manager of Education Programs 
SSC 

2550 Beckleymeade Avenue 
MS-2071. Bldg. 4 
Dallas. Texas 75237 

Western Area Power Administration 

WAPA 

P.O. Box 3402 

Golden, Colorado 80401-3402 

Westinghouse Hanford Company 
(WHC) 

P.O. Box 1970 

Richland. Washington 99352 



The National Technical Association 



The National Technical Association (NTA). founded in 1926, 
is an organization of scientists, engineers, architects, and 
technicians, including both professionals and students. Its 
goals include developing and integrating the technical input 
of underrepresented minorities into the total scientific pro- 
cess and furthering an awareness of their technical contri- 
butions to the world's societies. NTA's activities include 
improving technical interchange among minorities, provid- 
ing career opportunity information to minorities, and moti- 
vating and assisting minority youth toward pursuing 
technical careers. 



NTA, headquartered in Washington, DC, has numerous pro- 
fessional chapters throughout the US (listed below) as well 
as student chapters, mostly associated with major colleges 
and universities. It holds an annual national conference, 
other events such as Student Technical Symposia, and pub- 
lishes a quarterly journal. For further information about NTA 
and its chapters, contact: 

National Technical Association 
Attn: Executive Director 
P.O. Box 7045 

Washington, DC 20032-7045 
Tel. (202)829-6100 
Fax: (703) 684-3952 



National Technical Association Professional Chapters by Region* 
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Huntsville Chapter 
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Pittsburgh. PA 


Huntsville. AL 


King of Prussia Chapter 




Chicago Chapter 


South Florida Chapter 


Chicago, IL 


Valley Forge. PA 


Miami. FL 






Research Corridor Chapter 


Buffalo Chapter 


Space Coast Chapter 


Woodbridge, IL 


East Amherst. NY 


Titusville. FL 
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New York Chapter 


Jackson Chapter 


Brooklyn. NY 


Jackson. MS 


Dallas-Fort Worth Chapter 
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Houston Chapter 


Baltimore Chaptei 
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Houston. TX 
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Metro Area New Orleans Chapter 


Washington Chapter 


Detroit Chapter 


New Orleans, LA 


Washington. DC 


Highland Park, Ml 
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Hampton Roads Chapter 


Akron Chapter 


Hampton. VA 


Akron. OH 


Greater Pomona Valley 






Diamond Bar. CA 


Petersburg Chapter 


Cincinnati Chapter 




Petersburg. VA 


Cincinnati. OH 


San Francisco Bay Chapter 






San Francisco, CA 


Richmond Chapter 


Cleveland Chapter 


Richmond. VA 


Cleveland. Ohio 


Region 10 


Research Triangle Chapter 


Columbus Chapter 


Connecticut Chapter 


Greensboro. NC 


Columbus. OH 


North Haven. CT 




Dayton Chapter 


Virgin Islands Chapter 




Huber Heights. OH 


St. Thomas, USVI 
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